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Mudents Learning Outcome^i 


Chapter 


9 


Student will be able to; 

. define chemical equilibrium in terms of a reversible reaction. 

(Understanding); 

■> write both the forward and tlie reverse reaction and describe the macroscopic 
characteristics of each. (Applying); 
define Law of Mass .Action. ( Understanding); 

• derive an expression for the equilibrium constant and its units. (Applying): 

• state the necessary condition for the equilibrium and the ways that 
equilibrium can he recognized.(Underslanding) and 

t write the equilibrium constant expression of a reaction, 



tf 'H-h»ction; 

Generally, we presume that most chemical and physical changes proceed to 
completion. A complete reaction is one in which all reactants have been converted 
into products. However, mo.st chemical reactions do not go to completion because 
products react themselves to form the reactants. As a result, after sometime no further 
change lakes place. Quantities of reactants and product.s remain unchanged, aud it 
seems that the reaction has stopped. In fact, these reactions do not stop; rather they 
lake place on both directions at ui|ual rate and attain the equilibrium state. Such 
reactions are called reversible reactions. 

Many examples of physical and chemical equilibrium are found in nature. 
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We owe our existence to equilibrium phenomcnun taking place in atmosphere. 
We inhale oxygen and exhale carbon dioxide, while plants consume carbon dioxide 

and release oxygen. ITus natural process is responsible for the existence of life on the 
Barth. 



Many environmental systems depend for their existence on delicate’ 
equilibrium phenomenon. For example, concentration of gases in lake water is 
governed by the principles of equilibrium. The lives of aquatic plants and animals are 
indirectly related to concentration of dissolved oxygen in water. 

9.1 REVERSIBLE REACTION AND DYNAMIC EQUILIBRIUM 

In a {.hemical reaction the substances that combine are called reactants and the 
new substances formed are called products. For example, when H j and O. freactants) 
combine they form H^O (product). 

2H2(gj + — ► 2 H 2 O,,, 

I leal 

Most of the reactions, in which the products do not recombine to fonn 
reactants, are called irreversible reactions. They are supposed to complete and are 
represented by putting a single arrow ( ►) between the reactants and products. 

On the other hand, rtioris in which the products can recombine to fonn 
reactants are called reversi * reactions. These reactions never go to completion 
They are represented by a doable arrow { ) between reactants and produce. 

These reactions proceed in both ways, i.c., they consist of two reactions; forward and 
reverse. So, a reversible reaction is one which can be made to proceed in either 
direction depending upon the conditions. 

Lei US discuss a reaction between hydrogen and iodine. Because one of the 
reactant, iodine is purple, while the product hydrogen iodide is colourless, 
proceedings of the reaction are easily observable. On heating, hydrogen and iodine 
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vapours in a closed flask, hydrogen iodide is formed. As a result, purple colour of 
iodine fades as it reacts to form colourless hydrogen iodide, as shown in figure 9. 1 . 


H.2(g) + l2(g) 

Purple 


2H1 

Colon rle.^is 


This reaction is cal led as forward reaction. 

On the other hand, when only hydrogen iodide is heated in a closed flask, 
purple colour appears because of formation of iodine vapours. Such as 


2HI{g) 

C Colourless 


H2(g) + l2tg) 
Purple 


In this ease, hydrogen iodide acts as reactant and produces hydrogen and 
iodine vapours. This reaction i.s reverse of the above. Therefore, it is called as reverse 
reaction. 

When both of the.se reactions are written together as a reversible reaction, they 
are represented as: 


Hifg) 


I 




2H1 


(8) 


/ Hydrogen gas > 

1 Combination 

\ t;Fbjrpia imrfiJimh Qjdfis] i 

' Hydrogen iodide \ 

V 

/ Decomposition ' 

LPuiptfr txiXum rBappenml 

gas 1 


Jodine 

Fig. 9.1 Showing establishment of reversible reaction. 

Let us have another example, when calcium oxide and carbon dioxide react, 
they produce calcium carbonate: 

CaO(s) + COj (g) CaC 03 (s) 
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fo™ c*i™tTderci ■■ - 

c-omplclion: ’ ^‘'‘capt's out and reaction goes to 

CdCOi(si ^ CaO,^j + COjjg,^ (decomposition) 



Irrevflfsib^e Re action 
goes to corrjpfelfon . '' 

/CQ lortris 
^anef gfjc® oyt 


Cap fonris 




Rev&rsrb te Reaction 
establish equilibnum 



caco/ti O^ m position 
CombtnHlion 


•^"1 COJ„.CO,M, 

Lombir 

Fig. 9,2 Showing establishment of revei^ibte reaction. 

When calcium carbonate is^heale^rilTr^^^^ to combination or vice versa, 

shown in figure 0.2. Initially only deconmne t ^^2 ‘^^n't escape out as 

a While CO, s.«s co„,binCwi.h crrZrS.Co''r“^^ 
beginning, forward reaction is fast and rev*»r«. reaction). In the 

reverse reaction speeds up and both relictions ^low. But eventually, the 

decomposition and combination take place at riv ^be same rate. At this stage 
as a „,sul, ™oum, „f CaCO,, CaO a,ri Cp, do nr^angl irirjC a! 


Cat:Oj 


-±-Caf^ 


mind is “balance". Hotrie^^he comes to 

_ be achieved in a variety of ways 

I nus, M7/en the rate of the fnru^^ v 

rmetinn, the composition of the rZ jl m the rate of reverse 

c//em,ca/ ev«///Ar/K/M s/„,e. At enuilibrium m/?mn.T cwi.r/n/i/. it is called a 

(i) wh ■ ^ two possibilities, .. 

• ) When reaction ceases to proceed ii ,\: ... ii 

mostly in physical phenomenon' For ex im f^^^'^^^'^.^'^brium. This happens 
rather than falling down hccanse all ihp ^ ^ budding remains standing 

IS an example of .static equilibriuin. balanced. 'H'^is 

^zp;!:; iz::z:zr 

dynamic equilibrium state. Dynamic m'” directions. This is 

At dynamic equilibrium state: ' maction is still continuing. 

Kate of forward reaction - R-w.. «#■ 

- Kate of reverse reaction 


I II I 
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In a reversible reaction, dynamic equilibrium is established before the 
completion of reaction. It is represented graphically in figure 9.3. At initial stage the 
rate of forward reaction is very fast and reverse reaction is taking place at a negligible 
rate. But gradually forward reaction slows down and reverse reaction speeds up. 
Eventually, hath reactions aiiain the same rate, it is called a dynamic eqmhbmtm 

state. 



Fig. 9.3 Graph showiitg the rate of rorvvtu'd and reverie reactions and estahlislmieni 

of oiuilibrium state 

For example, in case of reaction between hydrogen and iodine vapours, some 
of the molecules react with each other to give hydrogen iodide. 

Hi(£) + l2(fi) ► 2HI(g) 

At The same time, some of the hydrogen iodide molecules decompose back to 
hydrogen and iodine. 

2H1(P, ► ■*' 

In the beginning, as the concentration of the reactants is higher than that of the 
products, the rate of the forward reaction is fast than the reverse reaction. As the 
reaction proceeds, the concentration of reactants will gradually decrease while that of 
product will increase, consequently the rate ol the forward reaction will go on 
decreasing and the reverse reaction will go on increasing and ultimately the two ra.tes 
wiU become equal to each other. Thus, the equilibrium will set up and concentraUon 
of various species (H:, li, HI) becomes constant. It is represented as 
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Forward Reaction 

F Reverse Reactioa 

1. ft IS a reaction in which reactants react 
to form products. 

ii. It takes place from left to right 

ifi. At initial stage the rate of forward 
reaction is very fast. 

iv. It slows down gradually. 

i- ft is a reaction in which products react 
to produce reactants. 

fi. It takes place from right to left. 

lii. In the beginning the rate of reverse 
reaction is negligible. 

iv. (t speeds up gradually. 


Macroscopic cliaracterislics ol dynainic ciuilibrium 

A few im^aot charac, eristic featutes of dyaataic eqoilibriun, apt given beiow: 
neitheMeave™ renler^^^^ substances can 

.^rXT.:;rzis.rinKr?^r’-" 

same, ™ “'™ri density, etc. remain the 

An equilibrium state is attainable from either wav i e Kf.ttin , f. 
or from products. from reactants 

cundiLns^onleLrionl’prc^^^^^^ 


ui) 


\m 


MVJ 



_ ^ Tesr 

yourse/f 9 J 


„.l 


til 


Why reversible reactions never complete? 

Za%ple explain with an 

Why the amounts of reactants and products do 
not change in a reversible reaction. 


9.2 LAW OF MASS ACTION 

rote o, “> 

rate of a reaction is c/irecilv m nn r i' nciive mass and the 

reacting substances'. Generally!^ 00^ aci^^ ^ ^ of the active masses of the 

concentration having units of mol dm considered as the molar 

mg units Of mol dm . expressed as square brackets I J. 
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Consider for example, a reversible reaction of the type 

kf 

A + B C + D 

kr 

Suppose fA], [Bl, [C| and fD] are the molar concentrations (mole dm~^) of A. 
B, C and D respectively. 

According to the Law of Mass Action: 

Tile rate of the forward reaction « [A] fBl 

= kf[Al [B1 

Similarly, 

The rate of the reverse reaction «■ [C] [D] 

= k, [C\ LDJ 

where kf and kr are the proportionality constant called specific rate constants of the 
forward and the reverse reactions respectively. 

At equilibrium state; 

The rate of forward reaction = Tlie rale of reveree reaction 

kfiA] [B] = k, rciiDi 

k _IC1M 

k, "LAJIB] 

Where 

Kg is called equilibrium constant. It is represented as; 

JCUpi 

‘■'"lAJ IB] 

Law of Mass Action describes the relationship between active masses of the 
reactants and the rate of a reaction. 

Derivation of the E.xpression for EquUihriiiin Constant for General Reaction 
Let us apply the law of Mass Action for a general reaction. 

aA + bB cC 4- dD 

This reaction consists ol' two reactions; forward and reverse reactions. 
According to this law, the rate of a chemical reaction h directly proportional to the 
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product of the molar conceni rations of its read ants raised to power equal to their 
number of moles in (he balanced chemical equation of the reaction. 

Let iis tlrsi discuss the forward reaction. A and B are the reactants whereas ‘a' 
and ‘b’ are their number of moles. 

The rate of forward reaction according to law of Mass Action is: 

Rr - IAJ"[B]*’ 

Rt = ktiArrsi^ 

where k|is the rate constant for the forward reaction. 

Similarly, the rate of the reverse reaction Rr, is directly proportional to the 
product of f C ] [ D ] , where ‘c’ and ‘d’ are the number of moles as given in the 
balanced chemical equation. Thus. 

Rr « rci''rDj'' 

Rr = kr[Cr'lD]'^ 

where kr is the rate constant for the reverse reaction . We know that at equilibrium 
state the rates of both the reactions are equal. 

I he rate of forward the reaction = The rate of the reverse reaction 

Such as: R,. = r^ 

and putting the values of Rf and K, 

kflAflBf = kJCflD]" 

By taking the constants on one side and the variables on other side of the 
equation, the above equation becomes: 

kf ^ \cr [D]" 

kr 


or Kc = 


[CY [DJ^ 


kf 


where. is called equilibrium constant. 


rhis expression is for chemkal equilibrium constant. All the reversible 
reactions can be expressed in this form. Such as: 

(i) When nitrogen reacts with oxygen to form nitrogen monoxide, the reversible 
reaction is as follows 


N2 


2(gl + 02(g) 


2NO..„ 
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The rate of forward reaction Rj = kf [O2] 

The rate of reverse reaction R, = kp [NO]“ 

The equilibrium constant expression for this reaction is; 

^ [NOJ^ 

(ii) For the reaction oi nitrogen with hydrogen to form ammonia, the balanced 
chemical equation is 


N3,g, + 3H.,g, 2NH3(g, 

For the reaction 

The rate of forward, reaction Rj- - kr (N2] 

The rate of reverse reaction R, = kr[NIl3]^ 

The expression for the equilibrium constant for this reaction is; 

[NH,]2 

[N2JLH2P 



yourself 9.2 


i. Define the Law of Mass Action. 

ii. How the active mass is represented? 

Hi. What do you mean by equilibrium constant? 

iv. , Point out the coefficients of each in the following hypothetical reactions' 

a. 2A + 3B V- ' 4C + 2D 

b. 4X I ^ 2Y + 3Z 

C. 2M + 4N ^ ..i 50 

V. Write the equilibrium constant expressions for the following reactions: 
a. 2A/02«, ^ 

b- POsfg) ^ PCIsigt 

c. 2SOgif) + Opf„) — 


93 EQUILIBRIUM CONSTANT AND ITS UNITS 

EguiUhnum constant is a ratio of the product of concentration of products 
raised to the power oj coefficient to the product of concentration of reactants raised 
(0 the power oj cof'ficfenr us e.vprfsspd in ihe balanced chemical equation. 

_ Product of concen t ration uf products raised to lh« powe r of coefficients 
Product (if concentration of reactants raised to die power of coefficients 
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It is conventional to write the products side , numerator and reactants as 
denominator. By knowing the balanced chemical equation for a reversible reaction we 
can write the equilibrium expression. Thus we can calculate the numerical value of 
by pulling actual equilibrium concentrations of the reactants and products into 
equilibrium expression. The value of K<.. depends only on temperature, it does not 
depend on the initial concentrations of the reactants and the products. A few problems ” 
have been solved to make the concept clean. 

Kc has no units in reactions with equal number of moles on both sides of the 
equation. This is because concentration units cancel out in the expression for Kc, e.g., 
for the reaction 


^2(g) + l2(£t 


K,.= 





no units 


For reactions in which the number of moles of reactants arid product are not 
equal in the balanced chemical equation, Kt of course, have units, e.g., for the 
reaction 


N2(g) + 3H2 (p, ; > 2NIl3(£j 

y_ ^ (mol dm~^)" l 

[N2 J [H2 ]3 (mol dm (mol " (mol din'^)^ ^ 

Problem 9.1 


When hydrogen reacts with iodine at 25 “C to form hydrogen iodide by a 
reversible reaction as follows; 

+ l2(^) V- - 2III(g| 

The equilibrium concentrations are: 

[H2] = 0.05 mol din*^ fl2l = 0.06 mol dm“^ and [HTJ = 0.49 mol dm'\ 
Calculate the equilibrium constant for this reaction? 

Solution 

Given equilibrium concentrations arc; 

[H2I = 0.05 mol dm“^ ; [T2] = 0.06 mol dm ^ and [HI] = 0.49 mol dr0~^ 

Write the equilibrium constant expression as 

_ [111]^ 

^ IH2I [Id 
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Now put the eguiUbrium cuncentration values in the equilibrium expression 

' ^ _ [0.49]2 ^ 0.2401 _ 

“ [O.OS] [0.06] “ 0.0030 “ 

Problem 9.2 

For the formation of ainmonia by Haber’s process hydrogen and nitrogen 
read reversibly at 500 ®C as follows 

N 201 ) + 3H2(g, 2NH3(g) 

The equilibrium concentrations of Uiese gases are: nitrogen 0.602 mol dm~^; 
hydrogen 0.420 mol dm~^ and ammonia 0, 1 13 mol dm What is value of Kc. 

5k>lution 

The equilibrium concentrations are 

[NjI = 0.602 mol dm“^, [HjJ - 0.420 mol dra“^ and [NH 3 J = 0.1 13 mol dm“^ 
ITie equilibrium constant expression for this reaction is: 

^ [N2J[H2]^ 

Now put the equilibrium concentration values into the equilibrium expression 

„ rn.i 13p . 

^ ~ [0.6&21 fO.420]-" “ ‘ 

Problem 93 

For a reaction between PCI 3 and Ci> to form PCI 3 , the equilibrium constant is 
0.13 mol dm' at a parttcular leraperature. When the equilibrium concentration.s of 
PCI 3 and CI 2 are 10.0 and 9.0 mol dm'^ respectively, what is the equilibrium 
concentration of PCU. 

t 

Solution 

[PCI 3 J = lOmoldm"^ fCN] - 9.0 mol dm'^ 

Kc = 0.13 mol 'dm^ IPCI 5 ] = ? 

Now write the balanced chemical equation and equilibrium constant 
expression 

PCl3,£, + Cl2(f,, PCls.g, 

^ [PCU] 

[PCl3llCl2] 
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Now put the, known values in above equation and rearrange 

0.13^ 

(10.0)(9.0) 

[PCI 5 I = n.I3 X 10.0 X9.0 = 1 1 .7 mol dm'-’ 


9.4 IMPORTANCE OF EQUILIBRIUM CONSTANT 

Kiiowing the numerical value of equilibrium constant of a chemical reaction, 
direction as well as extent of tlie reaction can be predicted. 

(i) Predicting Direction of a Reaction 

l5ircction of a reaction at a particular moment can be predicted by inserting 
the concentration of the reactants and products at that particular moment in the 
equilibrium expression. Consider the gaseous reaction of hydrogen with iodine. 

Hate) + V 2HI,g, K, = 57.0 at 700 K 

We withdraw the sionples from the reaction mixture and determine the 
concentrations of Hn.g,, and Hli,). Suppose concentrations of the components of 
the mixture are: 

[H,]r = O.IO mol dm~^ flilr = t).20 mol dm*^ and [HI], = 0.40 mol Jm'^ 

The subscript 4’ with the concentration symbols means that the concentrations 
are measured at some time t. not ncce.ssai-ily at equilibrium. When we put these 
concentrations into the equilibrium constant expression, we obtain a value called the 
reaction quotient Q, . Tlie reaction quotient for this reaction is calculated as: 

f) _ _ (0.40)' 

tlliUbJi (0.10) (0.20) ~ 


A.S the numerical value of Q, (8.0) is le.ss than Kc(57.0), the reaction is not at 

equilibrium. It requires more concentration of product. Therefore, reaction will move 
in ihe torward directi an. 

The reaction quotient Q, is useful because it predicts the direction of the 
reaction by comparing the value of Qc with K^. 

1 hus, we can make the following generalization about the direction of die 
icacliori. 
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II Qt < K,:; the reaction goes I'rom left to right J.e., in fonvard direction to 

attain equilibrium. 

(QoJ Forward direction 



If Oc > Kc; the reaction goes from right to left, i.e., in reverse direction to 
attain equilibrium. __ 

Q(. y Reverse directionf^K 



II forward and reverse reactions take place at equal rates i e 
equilibrium has been attained. 


Q,- V ' Equilibrium state ( K 




(ii) Predicting Extent of a Reaction 

Numerical value of the equilibrium constant predicts the extern of a reaction. 
It indicate.s to which extent reactants are converted to products. In fact, it measures 
how far a reaction proceeds before establislung equilibrium state. 

In genera], there are three possibilitie.s of predicting extent of reactions as 
explained below. 

(a) Large numerical value of K,: The large value of K. indicales that at 

cquihbnum position the reaction mixture consists of almost all products and 
reactants are negligible. 77i£> react ion has almost f>onc to cample lion. For 
example, oxidation of carbon monoxide goes to completion at 1000 K. 

2COig) + Oi(g) ^ ^ 2COyni Kc = 2.? M !0“ 

(b) Small numerical value of K^: When the Kc value of reaction is small, it 
indicates that the equilibrium has established with a very small conversion of 
reactants to products. At equilibrium position, almost all reactants are present 
but amount of products is negligible. Such type of reactions never go to 
vvmpletion. For example; 

2NH<,g, N 2(g) + Kc = 3.0 X 10 ^ 

(Cl Numerical value of Kc is neither small nor large. Such reactions have 
exmii^e*^ ^ amounts ot reactants and products at equilibrium position. For 

^ 2N02,g, Kc = 0.211 
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h indicEites that the rates of decomposition of N7O4 and combination of NO: 
to form iV:04 arc almost comparable to cadi other. 



yoursetf 9.3 


i What do you mean by the extent of a reaction? 

a Why the reversible reactions do not go to completion? 

lii. If a reaction has large value of Kc, will it go to completion and why? 

iv. Which types of reactions do not go to completion? 

V, Why the reaction mixture does not have 50% reactants and 50% 
products at equilibrium position? 



Use of atmospheric gases In the manufacture of 
chemicals. 


The two major components of atmosphere are 
nitrogen and oxygen gases. Both of these gases 
constitute 99% of the atmosphere. 

These gases are being used to manufacture chemicals since 
the advent of 20th century. Nitrogen is used to prepare ammonia, which is 
further used to manufacture nitrogenous fertilizers. 

Oxygen is used to prepare sulphur dioxide which is further used to 
manufacture king of chemicals sulphuric .acid. 



Key Points 


• Reversible reactions are those in which products recombine to form reactants. 
These reactions never complete. They proceed in both ways; i.e., fonn/ard and 
reverse. 

• Dynamic equilibrium state is one at which forward and reverse reactions proceed 
at equal rate but in opposite directions so that overall reaction does not stop. 

• Equilibrium constant is a ratio of the product of concentration of products raised 
to the power of coefficients to the product of concentration of reactants raised to 
the power of coefficients as expressed in the balanced chemical equation. 

• Equilibrium constant has no units when number of moles of reactants and products 
are same. 

• By knowing the value of equilibrium, constants the extent of a reaction can be 
predicted. 

- Reactions having large K., value, proceed almost to completion. 

• Reactions having small magnitude of Kc indicates that equilibrium state has 

established consuming small amount of reactants. Therefore, they never oo to 
completion. ^ 

• Reactions having moderate magnitude have comparable amounts of reactants and 
products at equilibrium state. 
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ex>:rcise 


'•I'l'. tioii'i- Questiftiis 
Put a (y^ )on the correct answer 

I The characimstics of reversible roarlioas are the following except- 

a. products never recombijie to form reactants ^ ^ ' 

b. they never complete 

c. they proceed in both ways 

cl. tliey have a double iirrovv between reactants £uid products 

2, In the lime kiln, the reaction 

CaCOj,,, 

goes to completion because 

a. of high temperature 
c. CO; escapes continuously 


“** CaO[,, + C02(gj 

b. CaO is more stable thaii CaCOt 
d. CaO is not dissociated 


3. For the reaction. 


2A, 


■<s> 


B 


_ c- 'ii!J S- -w, 

tile expression for the equilibrium constant is: 

[3C] fcr 


3C 


(gi 


a. 


c. 


PC] 

r2A][ B] 


d. 


JSl 


r A I'lBi 


4. 


VN hen a system is at equilibrium stale: 

a. the concentration of reactants and products becomes equal 

b. lhe opposing reactions (forward and reverse) stop 

c. the rate of the reverse reaction becomes very low 

d. the rates of the forward and reverse reactions become equal 

5. Which one of the ioJInwing statement is nut correct about active mass'’ 
. ate of reaction is directly proportional to active mass 

b. active mass is taken in molar eoiieentration 

c. active mass is represented by square brackets 

d. active mass means total mass of substances 


b. 


When Ihx mngnifdc of K, Is very large II indicates 

a. icdction mixture consists of almost all products 

b. reacnon mixture has almost all reactants 

c. reaction has not gone to compietion 

d. reaction mixture has negligible products 
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7 When ihe raagiiihide of Kc is ver} smaU it indicates 
<!. cquilibriimi will never estabjish 

b. al! rcaclants will be converted to products 

c. reaction wil] go to completion 

d. the amount of products is negligible 


8 . Reactions which have comparable amomils of reactants and products at 
equilibrium st.'ito have 

a. very small K, value b. very large K, value 

e. moderate K* value d. none of these 

t). At dynamic equilibrium 
u. the reaction stops to proceed 

b. the amounts of reactants and products ju'e equal 

c. the speeds ol the forward tind reverse reaetions arc equal 
li the reaction can no longer be reversed 


10 . In an irreversible reaction dynamic equilibrium 
a tiever establishes 

b. establishes before the completion of reaction 

c. establishes after the complerioii of reaction 

d. e.sia Wishes readily 

! J A reverse reaction i.s one that 

a. which proceeds from left to right 

b. in uhieh reactants react to form products 

c. which slows down gj'adually 

d. which speeds up gradually 


1 2 . Nitrogen and hydrogen were reacted together to make ammonia; 

N2+3H: 2NII, Kc = 2.86 mor^lin" 

W hat will be present in the equilibrium niixliire? 

b.N..H,andNH3 

c. N. and H; only Hj only 


J 3, For a reaction between PCI 3 and Ch to form PCI 5 , the unit.s of K. are ■ 
a. mol dm- b. raol ' ' 


c. mof * dm'^ 


' dm-' 


d. mol dm' 
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Short Questions 

1 . Wlial are irreversible reactions? Give a tew characteristics of them? 

2. Define chemical equilibrium state. 

3. Give the characteristics of reversible reaction. 

4. How is dynamic equilibriimi established? 

-'i- Why at equilibriuiTi state reaction dt,)es not stop? 

6. Why is equilibrium stale attainable from either way? 

7. What is relation.ship between active ma.ss and rate of reaction? 

8. Derive equilibrium constmit expre.ssion for the synthesis of aminonia from 
nitrogen and hydrogen. 

9- Write the equilibrium con.stani expression for the following reactions; 

i- H2(g, + Lfg, 2H1(^, 

ii. CO(gt+ 3H2(gj > CH^igi + 

m. How direction of a reaction can be predicted? 

1 1 . How can you know that a reaction has achieved an equilibrium state? 

12. What are the characteristics of a reaction that establishes equilibrium stale at 
once? 

13. If reaction quotient of a reaction is more than IQ.. What will be the 
direction of the reaction? 

14. An industry was e.stablished ba.sed upon a reversible reaction. It failed to 
achieve products on commercial level. Can you point out the basic reasons of 
its failure being a chemist? 

Extensive QuestJon.s 

1. Describe a reversible reaction with tlic help of an example and graph. 

2. Write down the macroscopic characteristics of dynamic equi librium. 

3. Slate the law of Ma.ss Action and derive the expression lor equilibrium 
constant for a general reaction. 

4 What is the importance of equilibrium constant? 

Numcricul*) 

1. For the decomposition of dinitrogen oxide (N?0) into nitrogen and oxygen 
reversible reaction lakes place as follows; 

2N20(^i - 2N2{g) + 
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C/ieffi/sf-t'X 

The concentration of N 2 O, N 2 and O 2 are 1.1 mol dm~^, 3.90 mol and 
1 .95 mol respectively, at equilibrium. Find' out Kf for this reaction. 

2. Hydrogen iodide decomposes to form hydrogen and iodine. If the equilibrium 
concentration of HI is 0.078 mol dm H 2 and H is same 0.011 mol dm~^. 
Calculate the equilibrium eonslanl value for this reversible reaction: 

3. For the fixation of nitrogen following reaction lakes place; 

l'^2(g>+ Ojfg) \ ■ ■ ■" 2NO(g) 

When the reaction takes place at 1500 K, the K,- for this is 1.1 x 10”''. if 
equilibrium concentrations of nitrogen and oxygen are 1.7 x 10'^ mol dm“^ 
and 6,4 x I0“^mol dm“\ respectively, how much NO is formed? 

4. When nitrogen reacts with hydrogen to form ammonia* the equilibrium 
mixture contains 0.3 1 mol dm'^ and 0.50 mol dm ^ of nitrogen and hydrogen 

respeelively. If the Kc is 0.50 mor^dn/, what is the equilibrium concentration 
of ammonia? 


t 
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WeigfKage 7«, 


SCS 
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Students' Learninji; Outcomes 

Studenl will be able to; 


define and give exarapies of Arrhenius acids and bases. (Understanding); 

use the Bron.sred-Lowry theory to classify substances as acid.s or base's as 
ptoton donors or proroii acceptors. ( Applying); ' 

classify substances as Lewis acids or bases. (Analyzing); 

write the equation for the self-ionization of water. '(Remembering); 

nrutral'l-itoThn.” “"^'"ralion, classify a sululion ns 

neiHraL iiLiujc, or basic, (Applying) and 

complete and balance a neutralization reaction. (Applying) 

Davv dT:™ri 7 .h:M,r^ ™ ■" '^15, srHu“;,;;t 

j-y ' j u CLiiain acids which tire without oxygen eg Hf’[ 

r. :r. : *r. = s“: ■“ 
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£1 

We all have a little concemration of hydrochloric acid in our stomach, which 
helps to bretik down the food. Sometimes, the amount of stomach acid becomes too 
much, which cau,ses ‘acidity . This iiiieomfortable feeling is easily treated by taking 
ail alkJalinc medicine. The alkali neutralize.s the acid, producing a harmless chemical 
called a salt. 

10.1 CONCEPTS OF ACTDS AND BASES 


Acids and bases are recognized by their characteristic properties, such as: 


Acids 



1 Bases 

i. Acids have sour taste. For 

1 example, unripe citrus fruits 

or lemon juice. 

li. They turn blue litmus red. 

iii. They are corrosive in 
concentrated form 

iv. Their aqueous solutions 
conduct electric current. 

1 

1. Bases have bitter taste and | 
feel slippery, for example, 
soap is slippery to touch, 
ii. They turn red litmus blue, 
tii. They are non-corrosive 
except concentrated forms of 
NaOH and KOH. 
iv. Their aqueous solutions 
conduct electric current. 


0.1 I \rrhcnius Loncept nf \* ids and llas^ > 

According to Arrhenius concejM { 1 787); 

AutI is d stfhKTfince which dissoriaies in cujueous sofittiun fa give hvcfrngen 
ions. 

In general the ionization ol acids, take place as follows. 

WillLT 

^ {uqk + A 


Hor c.xample. substmices such as HCI. HNOj, CH^COOH, I ICN, etc., aic acids 
because they ionize m aqueous solutions to provide H"" ions. 


\vau.T 


HC1(^, 

s. 

11 lilCJl + Cl (yq; 


water 


HNOv,,4) 




WBicr 





CHyCOO If 


On the other hand, base is o suh.shirice which dissociates in aqueous solution 
fa give hydroxide ions. 
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The general ionization of bases take place as follows; 

water 

The substances such as NaOH, KOH, NH 4 OH. Ca(OH )2 etc. are bases 
because these compounds ionize in aqueous solutions to provide OH' ions. 

water 

NaOH(:«,i ^ Na^^, + 


water 

Ca(OH)2((,,j, ^ Ca**(u,|j + 2011 

Tljus, according to Arrhenius Concept: 

f Acids giv e H’ io ns in water, b ases give OH ions in water | 
Examples of some importrint acids and bases are given in Table 10 . 1 . 


Table 10.1 Acids and Bases 


Adda 

Bases 

Hydrochloric acid, HCI 

Sodium hydroxide, NaOH 

Nitric acid, HN03 

Potassium hydroxide, KOH 

Sulphuric acid, H^SO,, 

Calcium hydroxide, Ca(OH)2 

Phosphoric acid, HaPOd 



Aluminium hydroxide, AI(OH)3 


.imitations of ArrlieniiLs Concept 

(i) This concept is applicable only in aqueous medium and does not explain 
nature of acids and bases in noii-aqueous medium. 

(ii) According to this concept, acids and bases are only tliose compounds which 
contain hydrogen fH") and hydroxyl (OH") ions, respectively It can^t 

explain the nature of compounds like CO,, NHi etc., which are acid and base 
respectively. 


Although this concept has limited 
general theories of aeid-base behaviour. 


scope yet. it led to the development of more 


lO.I.z ProDsled-LowTj- Concept 

In 1923, the Danish chemist Bronsted and the English chemist Lowry 
independently presented their theories of acids and bases on the basis of proton- 
transfer. According to this concept; 
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An adii is a suhsicmce (inolevule or ion) that can donate a proton (hT) to 
another substance. 

A base is a substance that can accept a proton iirjfrom another suhstanre. 

For example. MCI acts as an acid while NH.i acts as a base; 

HClfaqi + NHiiaij) *r — ^ NH,[ |aqi + Cl 

Similarly, when IlCl dissolves in water; HCI acts as an acid and H ..0 as a 

base. 

+ HjOijkj) 1 HjO (j«ji + Cl [.n(i 

Acid H.ise Conjugate acid Conjugate bu.nc 

U is a reveniible reaction. In the forwtird reaction HC! is an acid as it dunates a 
proton, whereas H3O i.s a base as it accepts a proton. In the reverse reaction Cl ion is 
a ba.se as it accepts a proton from add HiO^ ion. Cl ion is called a coiijui'ale ba.se of 
acid IICl and ion is called a conjugate acid of base H2O. It means every acid 

produces a conjugate base and every btise produces a conjugate acid such that there is 
conjugate acid-base pair. Conjugate means joined together a.s a pair. 

A conjugate acid is a .specie formed bv accepting a proton by a base. 

A conjugate base is a specie formed by donating a proton by an acid. 

'I'hiis, conjugate acid-base pair differs from one another only by a single 

proton. 

Similarly, 

CHjCOOH(aq,+ [l:0(aq> CH^COO’ uiq) + H 3 O 

Acid Base base CtmjUjjatc acid 

According to Bronsted-I.owry concept, an acid and a ba.se always work 
together to tran.sfer a proton. Tliat means, a substance can act as an acid (proton 
donor) only when another substance simultaneously behaves as a base (proton 
acceptor). Hence, a suKstance can act a.s an acid as well as a ba.se. depending upon the 
nature of the other .substance. For exiunplc, H^O acts as a base when it reacts with 
HCI as stated above and as an acid when it reacts with ammonia such a.s; 

H2O0J -t- NHs^^) ^ NH/(^, -H OHf^, 

Such a suhstanre that can behave as an acid, as well as, a base is called 
amphoteric. 

It has been observed that there are certain substances which behave as acid.s 
though they do not have the ability to donate a proton, e.g., SOj, Similarly, CaO 
behaves as a base but it cannot accept a proton. These observation.s prove the 
limitations of Bronsted- Lowry concept of acids and bases. 
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[ AU AntiBnhis acids are Bfonsted-Lowry acids, 
but except OH , other Bronsted-Lowry bases ■ 


Do you knoyv 


are not Arrhenius bases 


Tohle 10,2 C onjugale acid-ba.se pair^ of cornman species 


i Acid 

* 

Base 


Conjugate acid 

Conjygate base 

HNOsfaq, 

+ 

H20(ij 

X 

H3O ' faqj 

+ 

NOalaq) 

H2S04(aq| 

+ 

H2O,,, 


HsO^q) 


HS04laqJ 

HCN(aq^ 

+ 

H2O,,, 

^ 

H30"(aqJ 

+ 

CNtaq) 

CH;COOH(«q, 


H2O,, 


HaO'taq) 

+ 

CH3COO (aq) 

HgOd) 



_ 

NH4^ (.9) 


OH (aq) 

HgOjt) 

+ 

fl] 

CO 

0 

0 

^ 

HC03~(aq) 

+ 

OH (aq) 

HCI,) 


HCOs'iaij) 



< 

Hi;C03{aq) 


criuq^ 

Problem lU.l 


( a I 


Wlun are cofiju}(a{e bases ufeach ofthefoIUminf;'/ 

HS-. lhO\ H,P04% IISO, , [-IF, CHiCOOH. 

Give the eanjugate acids of the following: 

OH , IICO, , HP04^ CH,NH>, CO/-. CH,COOH 

Which of the following behave both as Bronsted acids and Dronsted bases? 

H.O, HCO.r, H ,S04 , H ,P04 . HS" 


Solutinn 


la) 

Conjugate ba.se.s; 

( b;l 

Conjugate acids 

ILS 

: S^- 

1 

X 

: H 2 O 

H.,0^ 

: IFO 

IICOC 

; H^COj 

H.POr 

: HP04^ . 

HPOj^- 

; H 2 PO 4 

HS04~ 

: SO 4 ’- 

CH 3 NH 2 

; CIHNFI3 

HF 

: F~ 



CH.COOIl 

: CH. 1 COO 

C0j“- 

: CHOC 

lAl fM,0)e,l^ 

: [A1 (H20)5 OHj’^ 

CHiCOOH 

: CHiCOOH/ 
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i ) 


Bronsicd acids, as well as. bases are: H?0. HCO^, HS' 


^ I.euis fomepf of .4cids and Ba.st's 

b.™de,- c„.c.p. o, adds a„^ ,‘i ” 

An acid is a (rrtolccnte or ioni ivhi.-h .. ■ . 

itaZZ'. ' ‘ imolecule nr ion} winch \an 7k,n!ne 'a ZZr ff 

For example, a reaction between ammonia and boron trl fluoride fakes nl-ic’ tw 


• r • 

• r * 


I-f 


ft* m " 

! F * * B -F »K!^ft H 

K. ^ 

ft 

H 


• j,’ft 
ft I 9 
•ft 


ft rri 
ft 1 I 

ft* ? 

SF* - 

ftft V 

ft 

■ • 
ft i ft 
•• 


H 

ft 

lN'*|j 

X 

ft 

H 


:f*: 

ft* X 

JF* > B-* 


■ pft 

ft r ft 

ft* 


n 

ft 

■i 

ft 

H 


fhe cations (proton itself nr mcial ions) act as I ewis i 

between H ‘ and NHi wtiei-p T-l* i^-iv ..t. ■ i j ■ is acids. Foi example a reaction 

jiKi wlicie H acts as an acid tind ammonia a.s a base. 


ir 4- 


H 




H 


H 


J.N*« H 

K 


r 


H 


n 


H 


H 

« 

S N** H 
H 


+ 

1 


a nemriilizadoii reacdoT'aTOrdir”"^^^^^^ ' f"' "" Si>. 

dacron pair to tbi iii a coordin»i»covalOTl bond in im ilddiKi " »" 

i^ evidenita"* My wSTn *’f “ T P"''' Thus, ii 

Lends base whil V tee PV’*' 

pair of ele«rn„.s a s as ^ an emp y orbital fbal can aeeommodate a 

below: ^“VlM 01 Lewis «fcfc a„d bases are given 

Lew is acids.'* coneept. the following speeies can act as 

BF^l'ln ‘"“'n *“■' hicomple/e m-tc-r. For example, in 

thSeforc ti,?f '■ ^I^P-ons around them, 

tnereforc, thef,e can accept an electron pair. 


www.iqbalkalmati.blogspot.com : ±}' 



Chemistry X £® Acids, Bases and Salts 

(ii) Simple cations can act as Lewis acids. All cations act as Lewis acids since 
they are deficient in elections. However, cations such us Nu\ K"^, ions, 
etc., have a very little tendency to accept electrons. While the cations like 
Ag* ions, etc., have a greater election accepting tendency therefore, act as 
Lewis acids. 

Lewis ba.ses. According to Lewis concept, the following species can act as 

Lewi.s bases; 

n? Neutral species having at least one lone pair of electrons. For example, 
ammonia, amines, alcohols etc., act as Lewis bases because they contiiin a 
luiic pair of electrons: 

NH,. R— NHj. R_^H 

I ill Negatively charged species or anions. For example, chloride, cyanide, 
hydroxide ions, etc., act as Lewis bases: 

CN-. Cr. OFF etc. 


Summary of the Concepts. 


Concept 

Acid 

Base 

Product 

Arrhenius 

gives H"" 

gives OH" 

salt + HeO 

Bronsted-Lowry 

donate H’ 

accepts 

conjugate acid- 
base pair 

Lewis 

1 

electron pair 
acceptor 

electron pair 
donor 

adduct 



Do you kttow 


It may be noted that all Bronsted bases are also Lewis 
bases but all Bronsted acids are not Lewis acids. According to 
Bronsted concept, a base is a substance which can accept a 
proton, while according to Lewis concept, a base is a substance 
which can donate a pair of electrons. Lewis bases generally contain 
one or more lone pair of electrons and, therefore, they can also 
accept a proton (Bronsted base). Thus, all Lewis bases are also 
Bronsted bases. On the other hand, Bronsted acids are those which 
can give a proton. For example, HCI, H2SO4 are not capable of 
I accepting a pair of electrons. Hence, all Bronsted acids are not 
Lewis acids. 
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i. What is the difference between Arrhenius base and 
Bronsted-Lowry base? 

a. What do you mean by neutralization reaction according to 
Arrhenius acid-base concept? 

Hi. Prove that water is an amphoteric specie. 

iv. How can you justify that NHs is Bronsted-Lowry base but 
not Arrhenius base? 

V. State and explain the neutralization reaction according to 
Lewis concept. 

vi. Define and give the characteristics of a Lewis acid. 

vii. Why BF3 behaves as a Lewis acid? 

via. Water is an amphoteric specie according to Bronsted- 
Lowry concept. What is its nature according to Lewis 
concept? 


10.1.4 General Properties of Acids 
Physical Properties 

Physical properties of acids have been described in the bc^nning of the 
chapter. 

Chemical IVoperties 



yourself lOJ 


ti) Reaction with Metals 

Acids react explosively with metuls like sodium, potassium and 
calcium. However, dilute acids (flCl, HiSOj) react moderately with reactive 
metals like; 

Mg, Zq, Fc and Al to form their respective salts with the evolution of 


hydrogen gas. 
Zn,s) + 





2AI(s) + 

6HCl|aq) 

► 2AlCl3,a,V 

+ 

3H,(g, t 


(ii) Reaction with Carbonates and Bicarbonates 

Acids react with carbonates and bicarbonates to form corresponding 
salts with the evolution of carbon dioxide gas. 

CaC 05 (}ii + ^ CaCIiiacu T 

2NaHCOi,a,,, + ► Na,S 04 ,M,, + 2CO,(g, t + 2Hp,,t 
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(iii) Reaction with Rases 


Acids reiici, with bases (oxides and hydroxides of metal and 
aiiinionium hydroxide) to for in salts and water. This process is called 
neutraii/ation. 


NaOIf.,,, + 


HC 




NaCfaq, + H>Otn 


CuO,st + Il,SO 




C.uSOjfuq) + H,0| 


'(It 


(iv) Reaction with Sulphites and Bisulphites 

Acids react wnth sulphites and bisulphites to form salts with the liberation 
oJ sulphur dioxide gas. 

taSO,i„qi + 2HClu,qi ► CiiCl,,.„,( + t + K_,Oui 

NaHSO,,^, + — ► NaCIi^, + SO,fg, 'J' + H,0,i, 


(V) Reaction with Sulphides 

Acids react with metal sulphides to libemte hydrogen sulphide gas, 
reS,„ + H.SOqu,; ►FeSO,.,q, + H,S,g, f 

Following acids are called mineral acids, j 
Hydrochloric acid (HCI) 

Sulphuric acid (HaSO^) 

Nitric acid (HNO3) 


Uses of Acids 

(i) Sulphuric acid is ased to manufacture fenilizers, ammonium sulphate 
calcium .superphosphate, cxplo.sives. paints, dyes, drugs. It is also used as 
an cleclroiyie in lead storage batteries. 

(ii) Nitric add is used in nuuiufac Luring of fertilizer (ammonium nitrate), 
expUesives, paints, drugs and etching designs on copper plates. 

(iii) Hydrochloric acid is used for cleaning mctal.s. tanning and in pnntim- 

industries. ^ 
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(ivj Benzoic acid is used Ibr food preservation. 

(V) Acetic acid is used for flavouring food and food preservation. Jt is also 
used to cure the sting of wasp.s. 



Do you know 


Naturalty Occurring Acids 



Acid 

i. 

Citric acid 

il. 

Lactic acid 

IN. 

Formic acid 

Iv. 

Butyric acid 

V, 

Tartaric acid 

Vi. 

Malic acid 

vii. 

Uric acid 

viif. 

Stearic acid 


Source 

Citrus fruits t.e., lemon, oranges ' 
sour miik 

stings of bees and ants 

Rancid butter 

Tamarino, grapes, apples 

Apples 

Urine 

Fata 


in.',.'- ncncral Properties of Bases 


Physical Properties 

The physical properties ot bases have been described in the beginninc ol the 
chapter. • 

Chemical Properties 

(i) Reaction with Acids 

Bases react with acid to form sail and water. If i.s a neutrtrjizuiion reaction. 
2KOH(,iq, + ► KiSOjiaqi + 2H20(/( 

(U) Reaction with Ammonium Saits 

Alkalies react with ammonium salts to liberate ammonia ga.si 

Nll^Cliaqi -t- NaOHiuqi NttCli.-jq) + -f H;>Ou) 

fNH^)jS04f«,, + Ca{0H),(„q, ► CaSO^^^j -t- 2Nn;,,p,T +2H.O,,, 
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(iii) Precipitation of Hydroxides 

Alkalis precipitate insoluble hydmxides when added to solutions of salts of 
heavy metals such as copper, iron, zinc, lead and calcium. 

CuS 04 (iU() + 2NaOH,a<j, 

ZnCkaqi + 2NaOH(aq^ 

FeCl,(3,„ + 3NaOH(i«„ 

PblNO^djiatj' ^ 2NaOII((iij) 

CaCUtaii) + 2NaOH(aq, 

FeSO.,t^, + 2NaOH(«q) 

Usex of Baxes 

(i) Sodium hydroxide is used for manufacturing of soap. 

(ii) Calcium hydroxide is used for manufacturing of bleaching powder, 
softening of hard water and neutralizing acidic soil and lakes due to acid 
rain.- 

(iii) Potassium hydroxide is used in alkaline batteries. 

(iv) Magnesium hydroxide is used as a base to neutralize acidity in the 
stomach, it is also used for the treatment of bee’s stings, 

(v) Aluminium hydroxide is used as foaming agent in fire extinguishers. 

(vi) .Ammonium hydroxide is used to remove grease stains from clothes. 


->■ Ch(OH),,s)+ N a2S04(.Tq, 
Blue ppi. 


Zn(OH)2(,j + 2NaCk^, 
While ppL 


Fe(OH)3(sj+ 3NaCl,aq, 

Bruwo ppi. 


Pb(0H).r.i+2NznN03(,u^, 
White ppi. 


Ca(OHF,„+ 2NaCIf^, 

White ppt. 


-> FelOH), is) “h Na^SO^iaqj 
Dirty Green 
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ynurKeif id. 2 


i. When acids react with cartonates and bicarbonates which 
gas evolves out? 

ii- Which types of salts produce SOn gas on reacting with 
acids? 

in. Give the uses of sulphuric acid. 

iv. Name the gas liberated when alkalies react with ammonium 
salts. 

V. Write down the colours of the precipitates formed by 
reaction of aqueous caustic soda with solutions of: 

copper, zinc and ferric salts. 

Vi. Name an alkali used in alkaline batteries. 





process. Thus, 
harmful bacteria 


Stomach acidity 

Stomach secretes chemicals in a regular way to digest food. These 
chemicals mainly consist of hydrochloric acid along with other salts. 

corros/Ve, but stomach is 
p otected from its effects because it is lined with cells that produce a 
base. The base neutralizes stomach acid. The important function of 

chemical bonds of foods in the digestion 
big molecules of food are converted into small ones. It also kills the 
> of certain foods and drinks. 


stomach produces too much acid 
also called hyperacidity. Symptoms of this disease are feeling 
burning sensation throughout the gastro intestinal track. These 

filings sometimes extend towards the chest, that is called 
heart burning. 


It causes stomach acidity 


The best prevention from hyperacidity is: 

I) Avoiding over-eating and staying away from tatty acids an 
spicy foods. 

il) ^rnpte and regular eating, remaining in an upright posithi 
for about 45 minutes after taking a meal. 

Hi) Keeping the head elevated while sleeping. 
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10.2 |)M M ^ 

Concentration of hydrogen ion [H^ in pure water is the basis for the pH scale. 
W a(cr is a weak electrolyte because it ionizes very slightly into ions in a process 
called au to- ionization or self- ionization; 

H;0 5=^ H" + OH- 

The equilibnmn expression of this reaction may be written as 

_ [H*110H-] 

[H^O] 

As concentration of water (HiO) is almost constant. The above equation may 
vvi'iiien .as 

K,. |H,0] = [H^][OH ) 

A new equilibrium consiani known as ionic product constiuit of water *K«* is 
u^ld instead n product of equilibrium consiant ;md Thcrcrore, 

K = jirtiOH I = 1.0 X !<)’•* at 3.^"C 

As v\e know, one molecule of water produces one H" ion and one OH~ ion on 

i hwfK'tatii Ml Si 

in^i - (OH 1 Or (Hi’ = I 0 X 10 

mn ^yi.o x m 

I'herelorc, IH"] _ I. Ox 10 'M at 25°C 
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As it is dijficuk to deal with such small figures having negative exponents, so 
it is convenient la convert these figures into a positive figure using a numerical 
system. It is taking the common fbasc-IO) logarithm of the figure and multiplying it 
with -I. ‘p’ before a symbol means' negative logarithm of the symbol. So ‘p’ 
Ivelbre H meanv negative Ingarithtn ol‘ H*. Therefore, pH is the negative logarithm vf 
molar concentration of the hydrogen ion.s. That i.s\ 

pH = -loglH^J 

With reference to this equation, a scale develops according to the molar 
concentration ot H ions that i.s called pH .scale. li ranges from 0 to 14 . According to 
this scale. pH of water is calculated as: 


pH = -logIH"! 
pH = -log (1.0 X 10 =7 

Similarly pOH = -log [OH“J 

pOH = -log (1.0 X 10“^) - 7 
pH value normally varies from 0 to 14. Therefore; 
pH + pOH = 14 


So, the sum ol the pH arid pOH of the solution is always 14 at 25 ®C. Such as; 

HightyacidK; Slighliy acidic neuwil Sllghay basic Highly basic 


pH 


pOH 


0 


2 3 4 


14 13 12 11 10 9 8 7 6 5 


5 6 7 8 9 10 11 12 13 14 
• 3 2 1 0 


A solution of a compound of pH 7 
Solutions of pH less than 7 are acidic and 
figure 10 . 1 . 


or pOH 7 is considered a neutral solution, 
more than 7 are basic as are also shown in 
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IH] 

pH 

[OHl 

pOH 

1 X lO '-* 

14.0 

1 X 10^ 

0.0 

1 X 10"' 

13.0 

1 X 10 ‘ 

1.0 

1 X 10''* 

12.0 

1 X 10" 

2.0 ! 

BASIC 1 X 10" 

11 0 

1 X 10" 

3.0 

1 X 10 

10.0 

1 X 10’ 

4.0 

1 X 10^ 

9.0 

1 X 10" 

5.0 

1 X 10^ 

8.0 

1 X 10^ 

6.0 

NEUTRAL 1 X 10" 

7.0 

1 X 10" 

7.0 

1 X 10'' 

6.0 

1 X 10"' 

8.0 

1 X 10'- 

5.0 

1 X 10* 

g.o 

1 X 10’ 

4.0 

1 X lO"" 

10.0 

ACIDIC 1 10^'' 

3.0 

1 X 10" 

11.0 

1 X 10'" 

2.0 

1 X 10'* 

12.0 

1 X 10’ 

1.0 

1 X 10'* 

13.0 

1x10^ 

0,0 

1 xtQ;'r: 

mi 


Fig 10 1 pH scale showing relation among [H‘l and pH & 
pOH sacle showing relation among [OH'l and pOH 

Since (he pH scale is logarithmic, a solution of pH 1 has 10 times higher 
concentration oi jH ] than that of a solution of pH 2; 100 times than that of a solution 
of pH 3 and so on. Hence, low pH value means strong acid while high pH value 
means a strong base and vice versa. 

Conclusion 


i) pH of a neutral soluiion is always 7. 

' Acidic solutions have pH less than 7. 

Ba.sic solutti-ns have pH value greater than 7. 

(|\ jiH and pOH values range Irom 0 (o 14. 

I SI'S of pH 

( 1 ) It is used to determine acidic or basic nature of a solution. 

I in It is used to produce medteincs, culture at a microbiological particular 

cnncemralion til'H' ion. 

li is u.scd to preptue solutions of required concentrations necessary 
lor ceiiain biological reactions. 
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10.2.1 Indicaturs 

Indtcatorii are the organie conijjoijtids. They have difftrciu eoIou^^ in aeiU>i. 
and alkaline solutions. Litmus is a common indicator. It is red in acidic soluuon.s and 
blue in alkaline solutions. 

Each indicator has a specific colour in acidic medium which changes at a 
specific pH to another colour in basic medium. For example, phcnolphthatciii is 
colourless in strongly acidic solution and red in strongly alkaline solution. It changes 
colour at a pH of about 9. This mean.s phenol phihale in is colourless in a solution with 
pH less than 9. If the pH is above 9, phenolphthalcin is red as is shown in figure 10.2. 


METHYL 

ORANGE 

1 

Yellow 


j,, . . . ^ 



i 

LITMUS 

1 .' Red 

K;:- ' ■ 



Blue 1 

j 

PHENOLPHTHALEIN 

Colgurfess 

! f 1 1 1 L 

Red 

pH C 

1111 
112 3 4 

I T r 

5 6 / 

1 

a £ 

1 T ? t 

1 10 11 12 13 14 


Fig. I U,2. Colours of indicalors at dificrent pH solutions 


A few commonly used indicators in titrations are given in Table 10.3 
Table 10.3. Few important indicators 


Indicator 

Colour In strongly 
acidic solution 

pH at which 
colour changes 

Colour In strongly 
alkaline solution 

Methyl orange 

red 

4 

yellow 

Litmus 

red 

7 

blue 

Phenolphthalein | 

colourless 

g 

f 

1 

red 
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VJcasurtnp pH of a Solution 
‘ r;- icator 

Some indicators are used as mixtures. Tlie mixture indicator give different 
colours at different pH values. Hence, it is used to measure the pH of a solution. Such 
a mixed indicator is called Universal Indicator or simply pH indicator. The pH of 
solution can be measured by dipping a piece of Universal Indicator paper in the 

solution. The pH is then found by comparing the colour obtained with a colour chart 
as shown in figure 10.3. 


' — — ham* ■lit.t ItA. ■ I . 

^ ^ 5 6 7 6 9 to 11 T2 13 14 

Fig, 1 0,3. CokiUR of imiversul iiidicalur 


Mir pH Meter 

The pH of a .solution can be measured with a pH meter, Ii consists of a pH 
electrode connected to a meter. The electrode is dipped into ihc solution and the 
meter shows the pH either on a scale or digitally. It is much more reliable and 
accurate method of measuring pH ihan Universal Indicator paper, though the laner is 
often more convcnicnl. 





pH meter 
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l*rohk'm I II. 2 

A solution of hydrochloric acid is O.OIM. What is its pH value? 

.Solution Hydrodiloric acid is a slroag acid so it ionize.s completely. That is: 

HCl(aq) ^ H'(aq; + Cl (aq) 

So, its solution also contains O.OIM ions, i.e., 10 M. 
pH = -Iog[Kl 

By putting the values of ions in the above equation: 
pH = -log 1 0 ^ 
pH = 2 

I'roltli-iii I0..1 

Find out the pH and pOH of O.OOIM solution of KOH? 

S 4 ituii»n Potassium hydroxide solution is a strong base. U ionizes completely such 
that one mole of KOH gives one mole of OH ions. 

KOH,.,.,, ► ^ OH 

Therefore. 0.01)1 M .solution of KOH produces ().(X)1M OH' tons. 

lOH'l = 0.001 M or 10'^ M 

pOH = -log 10'’‘ = 3 

pH = 14-3 =11 

Prohiem HI. 4 

Find the pH of O.OIM sulphuric acid? 

siilntinn Sulphuric acid is a strong dibasic acid. It ionizes completely and its one 
mole produces 2 moles of hydrogen ions as presented in equation. 

HlSO^taqi ► 2H^,«„ + SOj-"(aq. 

Therefore. O.OIM sulphuric acid will produce 2 x 0.0 1 M hydrogen ions. 

Hence, hydrogen ions concentration i.s 
= 2 X lOr- M 

= -log(2xI0'^) = -dog2 + login ^1 

= -log2 - log 10'^ as - log 10’* = 2 

= 2-log2 pH = 2-0.3 = 1,7 
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Test 
yourscif tfKS 


L 

n. 

HI 

iv. 


Why pure wafer is not a strong electrolyte'^ 

HCI and HzSO,, are strong acids. While their solutions are 
equimolar, they have different pH value as calculated in 
problem 10 2 and 10.4. Why they have different pH values? 

Why ionic-product constant of water is temperature 
dependent? 

Differentiate between 'p' and pH. 



4 Qf work I’or analytical chemists. 

.V chemist examine substances quaiitativelv and 

quantitatively. They identity substances and evaiuate their properties. 

in ^ f Working ranging from basic research 

iniaboraiones to analytical research in industries. They work in almost 

ensure the quality of the products in Industry. 


Sails are N^e up of positive ions (cations) and negative ions (anions) A cation 
IS metalttc ton dcnved tmm a base, iheretbre. it is called basic radical Whi e ardo7is 
dctived bunt an acid Uterefore it is called acid radical. 

Table 10 . 4 '“" in 


r able 10.4 ,\cids and their Salts 


L 1 Acid 

Sait name 

! Sodium (Na) 

1 Potassium (K) 

Zinc (Zn) 
Calcium (Ca) 

Sliver (Ag) 

Hydrochloric acid (HCI) 

Nitric acid (HNO3) 

Sulphuric acid (H;*S 04 j 
Phosphoric acid (H3PO4) 

Acetic acid (CHaCOOH) 

j 

Sodium chloride (NaCI) 
Potassium nitrate (KNO3) 

Zinc sulphate (ZnS 04 ) 
Calcium phosphate Caa(P 04)2 

Silver acetate {CHjCOOAg) 


aniriK leri.stic propcrtie.': of salts 


Salts are ionic compounds found in crj'sialline form. 
They have high melting and boiling points. 
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(ill I Most uf the salts contain water of crystallization which is rcspoimible for the 
shape of the crystals Number of molecules of water are specific for each salt 
and they arc wntten with the chemical formula of a salt. For example, 

Copper sulphate CuS 04 - 5 H: 0 ; Calcium sulphate CaS 04 . 2 Ha 0 

(iv j Salts are neutral compounds. Although, they do not compose of equal number 

of positive and negative ions, but have equal number of positive and negative 
charges. 

Salts may be water soluble or insoluble. The methods used for the preparation 
of salts are based on their solubility in water. 

Cciicral Methods for the Preparation of Salts 

There are five general methods for the preparation of salts. Four methods 
make soluble salts hut one prepares insoluble salts. 

ti) Preparation uf soluble salts 

Stduble salts aie often preptired in water. Therefore, they are recovered by 
evaporation or crystal lizai ion. 

(a) By the reaction of an acid and a metal: (Direct Displacement method) 

This is direct displacement method in which hydrogen ion of acid is replaced 
by a reactive metal. Such as calcium, magnesium, zinc and iron, e.g. 

Acid + Metal ► Salt + Hydrogen gas 

2HClianJ + Mgis) ^ MgCfiimj) + Hjigj 

(b) By the reaction of an acid and a base: (Neutralization method) 

It is a neutralization reaction in which acid and base react to produce a salt 
and water. 


Acid 

+ Base 

► 

Salt + Water 

HCl(aq) 

+ NaOH^aqj 

— ► 

NaCl<ajj) + HaOdt 


(c) By the reaction of an acid and metallic oxide: 

Mostly the insoluble metallic oxides react with dilute acids to form salt and 


water. 



Acid + Metallic oxide — 

► Salt + 

Water 

H2S04(nq) + CuO(uq) 

CuS04(aqJ 

H 2 O, 
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(d) By thi* reactinn of hii acid and a carbonate: 

Dilute acids react with metallic carbonates to produce salts, water and carbon 
dioxide gas. 

2HNO.i(aq) + NaiCOvaq) 2 NaNOjimj) + HiOi/) + C02(g) 

tii ) Preparation of insoluble sails 

In this method, usually soiution.s of soluble salts are mixed. During the 
reaction exchange of ionic radicals (i.e.. metallic radicals exchange with acidic 
radicals) takes place to produce two new salts. One of the salLs is insoluble and the 
other is soluble. The insoluble .salt precipitates (solidify in solution). 

AgNO.,, 0 ^, + NaCl,*,, ^ AgCI,«, + NaN 03 («„ 

Na,C 03 <«„ + CuS 04 ,:k,) ► CuCO,,., + Na:S 04 ^«„ 


10,3.2 Types of SalLs 

Following are the main classes of salts. 


" 1 1 

Normal salts 

(ii \ 

Acidic salts 

!ltl) 

Basic salt 

H\} 

Double .salts 

(\ ^ 

Mixed sails 

nil 

Complex salts 


- i * Normal or Neutral Salts 

A salt formed by the total replacenmit of ionizablc inns of an acid b\ a 

positive metal ion or ions is called normal or neutral salt. These salts are neutral 
to litmus, that is. 


/. How are the salts named? 

//. Name the salts which are formed when Zn metat reacts 
witit following acids 

a. nitric acid b. pt aspho’>c acid c. acet'c acid 

HI. How will you justify i-alts a- c neutral eo/npounefe? 

tv. How many water cf ~ 'alligations are present in 
CuS 04 -SHp 0 ano ( ;SC 0“^ 

V. Name the type of raaction ,^;a* takes place between an acid 
and a metai. Wh rh ga w old evolve in the reaction? 
Explain with an example. 



vnurself 10.4 


HCIi.in) + KOHijqi 
H2S04(aq) + ZnO(„q) 
HiP 04(«<„ + 3NaOH,aq) 


ZnS04iiiqi + HiOjij 
Nu3P04(aqi + SHjOd) 
NHjNO.idit,) + HiOiit 
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111 Vcidic Suits 

These salts are formed by partial replacement of a replaceable H* ions of an 
acid by a positive metal ion. 

H,>S 04 (fcj) + KOH(oq) . .. KHSOitfaqj + ^20(1) 

H3POj(ai5) + NaOH^aq) ^ NaH2P04(ai|) + H20(D 

These salts turn blue litmus red. 

Acidic salts react with bases to form normal salts. 

KHSOjfjup + KOH(„qj ^ ^ KiSOatoq) + H20(ii 

NaH2P04fuq) + 2NaOH(iiq) ^ Na.tP04(aq) + 2H20 (d 

Basic Suits 

Basic salts are formed by the incomplete neutralization of a polyhydroxy base 
by an acid. 

.AHOH> 3 ,.,q, + Ha,q, ^ A1(0H)2C1,^, + HjOn, 

Pb iOH)2,.,4, + CH,C 00 H,.„,, ► Pb (OH) CH3COO,*.q, + H 20 d, 

Zn (OH)2(jqj + HN03(uqi ► Zn (OH) N03(aqj + H20(i) 

These salts further react with acids to form normal salts. 

A! ( 0 H )2 Cliaq, + HC 1 ,^» ► Al (OH)C[2,™,t + H 20 ,i, 

Al (OH) Chiaq) + HCI(:„n Cl.lfuqt + H 20 (J| 

Pb (OH) CH.,COO + CH.,COOH(a4( ► Pb (CH3COO)2(»„ + H20,ti 

Zn (OH) NO.itii,,) + HNO^iaqi Zn (NOO^tj^i + HiOju 

Double Salts 

Double salts are formed by two normal salts when they are crystallized 
from a mixture of equimolar saturated solutions. The individual salt components 
retain their properties. The anions and cations give their respective tests. Mohr’s 

salt FcS04* (NH4),S04 • 6 H; 0 : Pota.sh alum K^SO^ • AU( 804)3 ' 24 H ,0 ; Ferric alum 

K2S04*Fe2( 804)3 -24H20, examples of double salts. 

Mixed salts contain more than one basic or acid radicals. Bleaching powder 
Ca(OCl) Cl, is an example of mixed salts. 
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(vt) Complex Salts 

Complex sails on dissociation provides a simple cation and a complex anion 

or vice versa. Only ihe simple ions yields ihe charade iistics test for cation or anion. 
For example; 

Potassium (errocyanide ICj IFelCN)^) gives on ionization, a simple cation K* 
and complex anion [Fe tCN)^!"*. 

Uses of Salts 

Salts have vast applicaUons in industries and in our daily life. Some common 
salts and their uses are given in Table 10.5; 


Table 10.5 Uses of Salts 


Name of salts 

j Common and Industrial Uses 

Sodium chloride 
(NaCI) 

It is commonly used as a table salt and for cooking 
purposes. It is also used for de-icing roads in winter and 
1 for the manufacture of sodium metal, caustic soda 
washing soda. 

Sodium carbonate 

(Na^COa) Soda 
ash 

It is used for the manufacture of glass, detergents, pulp 
and paper and other chemicals. 

Sodium 

carbonate 

(Na2CO3.10H2O) 
Washing soda 

It is used as cleaning agent for domestic and commercial 
purposes, for softening of water, in manufacture of 
chemicals like caustic soda (NaOH). borax, glass, soap 
and paper. 

Sodium sulphate 
(Na2S04) 

It is used for the manufacture of glass, paper and 
detergents 

Sodium silicate 
(Na^SiOs) 

ft IS used for the manufacture of detergents, cleaninq 
agents and adhesives. 

Sodium chlorate 
(NaClOa) 

It is used for manufacture of explosives, plastics and 
other chemicals. 

Sodium 

tetraborate 

(Na2B4C>7.10H2O) 

It is used for manufacture of heat resistance glass 
(pyrex), glazes and enamels, in leather industry for 
soaking and cleaning hides. 
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Calcium chloride 
(CaCia) 

It is used for de-icing roads in winter, as a drying agent 
of chemical reagents. and as freezing agent. 

Calcium oxide 
(CaO) Quick lime 

1 

it is used as drying agent for gases and alcohol and in 
steel making, water treatment and other chemicals like 
slaked lime, bleaching powder, calcium carbide. For 
purification of sugar, a mixture of CaO and NaOH called 
soda lime is used to remove carbon dioxide and water 
vapours from air. 

Calcium sulphate 
(CaS04.2H20) 

Gypsum is used as fertiiizer, to prepare plaster of Paris 
which is used for making statues, casts, etc. 

Potassium 
Nitrate (KNO3) 

It is used as fertilizer and for the manufacture of flint 
glass. 


NfUtraIi74ftion Reaction 

A reaction between an acid and a base is called a neutralization reaction. It 
produces a salt and water. A few balanced chemical reactions are given here: 


Acid 

+ 

Bast' 


Salt 

+ 

Water 



NaOH(aq) 


NaCl(aq) 

+ 

H20(|) 

H2S04(am 

+ 

2NaOH,^, — 

— ► 

Njl2S04(nqj 

+ 

2H20„> 

CHjCOOH,,,, 

+ 

NaOHaq, — 

► 

CH ;^COON 1 


HjOi,, 





yourself I9.S 


/. Name the types of salts, 
a HsPO^ is a weak acid but its 
salt (Na3pOt) with strong 
base NaOH ts neutral. 
Explain it 

HL How the basic salts turns into 
normal salts? Explain with an 
example. 

h. What are complex salts 
V. Na^SOi is a neutral salt What 
are its uses? 


'“"Slnfwmatiflll'J,' 

Ymir tears perspiralton and 
hi tu! ttsie al') no h-uusct 
you cat tommv’n salt v\cr> da> 
raiher jour both euniains cHher 
sails that give saitj tasie to your 
tears, persptralion and blond. 
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SCIENCE 


O 

o 


Preservatives in food 

Chemicals used to prevent food 
spoilage are called preservaf/ves. Food 
spoiling may be due to microbial actions or 
chemical reactions. So preservatives serve as 
either anti-microbiai or anti-oxidants or both. 

Manufacturers add prese/vai/ves mostly to 
prevent spoiling during transportation and storage of foods for a 
period of time. 

Natural food preservatives are salts, sugar, alcohol, vinegar, 
etc. They efficiently control the growth of bacteria in food. They are 
used to preserve meat, fish, etc. 




Acid Rain 

Acid rain is formed by dissolving acidic air pollutants like oxides 
of sulphur and nitrogen by rain water. As a result pH of the rain 
water decreases, i.e., it becomes acidic, When this acid rain falls down, 
it damages animats, plants, buildings, waterbodies and even soil. 


Key Points 


Strong acids or bases ionize completely in water while weak acids and bases ionize 
psrtidify. 

According to Arrhenius concept, acids produce H* ions in aqueous solution while 
bases produce OH ions in aqueous sciutron. 

According to Bronsted-Lowry concept, acid are proton donor and bases are proton 
acceptor, so this concept is applicable to non-aqueous solutions, 

A substance that can behave as an acid as well as base depending upon the nature 
of other substances is called amphoteric 

According to Le-vis .;ori( acids are -lectron pair .cceptors and bases are electron 
pair yonoiii 

The product of any Lewis acid base reaaion is a single specie called adduct 

p- scale is the conversion of verv small figures into posilive figures by takina the 
common logarithm the small ligure and multiplying it witti-1 ^ 

pH SuQle s the ncGSilve ioganihm cf cof.i,ent.'ation cf hydrogen ions. 

A substance har-mg nH toss than 7 ar die while a Eubcunce having pH more than 7 
IS OHbic. A sUDsidoce oi pH 7 is cai!6d n utrai 

Salts are ionic compounds rnado up of metallic cation ana non-metallic anion. 
Sssed'^^^^°^^ insoluble salts have been 

Normal salts arc made up of canons of strong bases and anions of strong acids. 

Acidic salts are made up of cations of weak bases and anions of strong acids. 
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Three Concepts of Acids and Bases 


A( iwn ‘^orscopT 


reacts with: 

• metals 

• carbonates and 
bicarbonates 

• bases 

• sulphites and 
bisuphites 

• suphides 



1 


reacts with: 

• acids 

• ammonium salts 

• precipitates as 
hydroxides 


pH & oOh etermine nature 
of compounds, such as 
acidic, basic or neutral 



Soluble satis are prepared 
by a reaction of 

• an acid with metals 

• an acid with a bases 

• an ac<d with metallic oxide 

• an acid with carbonates 


Insoluble salts 
are prepared by 
mixing solutions 
of soluble salts 


J 


Types of sails. 

• Normal sails 

• Acidic salts 

• Basic salts 

• Double salts 

• Mixed salts 

• Complex salts 
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Miilliple Choice Questions 
Put a (•</ )on the correct answer 


EXERCISE 


Acids, Bases and Salts 


A base is a substance which neutralizes an acid. Which of these 
substances is not a base? 


a. aqueous ammonia b. sodium chioride 

c. sodium carbonate d calcium oxide 

2. I.ewis acid-base concept have the following characteristics except: 
a. formation of an adduct 


b formation of a coordinate covalent bond 

c. donation and accepiiuice of an electron pair 

d. donation and acceptance of a proton 


3. 


4 . 


5. 


Acetic acid is used for: 

a. flavouring food 

b. making explosive 

c. etching designs 

d. cleaning metals 

A salt is not composed of : 


a. a metal lie cation b 

c. an anion of a base d 

If a liquid has a pH of 7 then it must : 


. non-metallic anion 
. an amon of an acid 


a. be a colourless and odourless liquid 

b. freeze at OX and bods at lOOX 


6 . 


7 . 


c. be neutral 

d. be a solution containing water 
A salt always : 

a. contains lonh 

b. contains water orcr>stailizauon 

c. dissolves in water 

d. forms crystals which conduct electricity 


Dilute acids react with carbonates to produce the 

b. water 

c. carbon dioxide d. hydrogen 


given products except: 
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8. Ill the preparation of insoluble salts, which one of the facts is incorrect? 

a. two soluble salts are mixed 

b. two soluble salts are produced 

c. one of the salts produced is insoluble 

d. both of the salts produced are insolublt 

9. A reaction between an acid and a base produces 

a. salt and water b. salt and gas 

c. salt and an acid d. salt and a base 

1 0. The conjugate acid of HP 04 ‘‘ is : 

a. b. n2P04 ' 

H2P04 d. H3P04 

1 1 . What is the pOII of a 0.02M Ca(OH) 2 ? 

a. 1.698 b. 1.397 

c- 12..3I d. 12.61 


12, Which one of the following species is not amphntcnc? 
a. H >0 b. NIi .1 

c. HCOr d. SO> 


1 3. The product of Lewis acid-base reaction is called adduct. The bond 


between the adduct specie is: 
a. ionic 
C- metallic 


h. covalent 

d. coordinate covalent 


1 4. The water of crystallization is respnn.sihfe for the 

a. melting points of crystals b. boiling poinls of crystals 

c. shapes ol crystals d. transition point of crystals 

15. V ou want to dry a ga.s widch one of the following salt you will use. 

a. CaCli b. NaCI 

± Na:SiO^ 

16. Ferric hydroxide (Fe(OH).0 is precipitated out of solution when atjueuus 
sodium hydroxide solution Is added to ferric chloride (FeClj) 

FeCljiaq) -t- .^NaOHjjqj ► Fe(OH);5(si + 3NaCI(i,^) 

Colour of the precipitate Ls; 

a- white b. blue 

c. dirty green d. brown 
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17. Which ion is the conjugate base of sulphuric acid? 

a. SO' b. S‘“ 

c- HSOj d. HSOj 


1 S. Which one of the following is a Ijcwis base? 
a. NHi b. BFj 

d. A 1 C 13 


19. According to the Lewis concept, acid is a substance which can 

a, donate a proton b. donate a pair of electron 

c. accept a proton d. accept a pair of electron 

20. Given K„ = [H^J [OH"] = 1.0 x 10"'" at 25 °C 

What is the concentration of in pure water at 25"C? 
a. 1 X 10“’ mol dm"’ b. 1 x lo’ mol dm ’ 

c. 1 X 10"'" mol dm“-’ d. 1 x lO'" mol dm"^ 

hort Questions: 

J . Name three common household substances having 

a. pH value greater than 7 

b. pH value less than 7 

c. pH value equal to 7 

2. Define a base and explain all alkalies are bases, but all bases are not alkalies. 

3. Define Bronsied-Lowry base and explain with an example that water is a 
Broiisted-Lowry base. 

4. ^ How can you justily that Bron.sted-Lowry concept of acid and base is 

applicable to non-aqueous solutions? 

5. Which kind of bond forms between Lewis acid and a base? 

6. Why ir ion acts as a Lew is acid? 

7. Name two acids used in the manufacture of fertilizers. 

8. Define pH. What is the pH of pure water? 

9. How many times a solution of pH 1 will be stronger than that of a .solution 
having pH 2? 

1 1). Define the following.s: 

i. Normal .salt ii. Basic salt 
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1 1. Na^SO, is a ticuiral sah while NallSO, an acidic salt. JiLstity. 

1 2. a few chaiacteristic properties of salts. 

1.^. How are the soluble salts recovered from water? 

14. How are the insoluble salts prepared? 

15. Why u Mill ts neulrul, explain with an exampie? 

16. Name an acid used in the pre.servatioii of food. 

17. Name the acids pre.sem in: 

i. Vinegar ji. sting 

iii. Ciiras tniii jv. Sour milk 

18. How can you justify- that Pb(OII)NOi is a basic .salt? 

19. You arc in. a need of an acidic salt. How can you prepare it? 

20. W hich salt i.s used to prepare plaster of Paris? 

Extensive Questions: 

1 . Deline an acid and a base according to BronstcJ-Lowiy concept and justify 
with examples that water is an amphoteric compound. 

2. hxplain the Lewis concept of acids and bases. 

3. What is auto-ionizarion ol water? How is it used to e.stabiish the pH of water? 

4. Define a salt and give the characteristic properties of salts. 

5. explain w-ith e.xamples that how soluble .salts are prepared? 

6. Give the characteristics of an acidic salt. 

7. Give four u.ses of calcium oxide. 

8. You are having a strong acid fHNO.i) and strong base (NaOH) on mixing 

i. WTtat type of .salt you will have? 

ii. What tyix; of this reaction will be? 

iii. \V ill it be soluble or insoluble? 

iv. If it is soluble, how it will be recovered? 

9. Explain why; 

i. HCl forms only one series of salts, 
li. H:SO i forms two serie.s of salts. 

iii. H3PO4 torm three .series of .salts. 

Give necessary equations. 
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10. Classify the followuig salts as soluble or insoiuble sails: 

i. Sodiumchloride u. Silver nitrate 

iii. Lead chloride xv. Copper sulphate 

V. Barium sulphate vi. Ammonium chloride 

vu. Sodium carbonate viii. Calcium carbonate 

ix. Ferric chloride x. Magnesium sulphate 

1 1 Complete and balance the following equations: 

i. Aluminium + Hydrochloride acid ► 

ii. Copper oxide + Sulphuric acid ► 

iii. Iron sulphide + Sulphuric acid ► 

tv. Ammonium chloride + Sodium hydroxide ►- 

V. Ferric chloride + Sodium hydroxide ►- 

umericals: 

1 . Calculate the pH and pOI I of 0.2 M H2SO4? 

2. Calculate the pH of 0. 1 M KOH? 

3. Calculate the pOH of 0.004 M HNO?? 

4. Complete the following Table. 


Solution 

(i) 0.15 M HI 

(ii) 0.040 M KOH 

(iii) 0.020 M Ba(OH )2 

(iv) 0,00030 M HCIO 4 
(V) 0.55MNaOH 
(vi) 0.055 MHCl 

(vii ) 0.055 M Ca(OH)2 


|H^ 




pH 


pOH 
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Major Conce pts] 

U . J -^Orga nicX^t 'mpotinti.^ 

11.2 I '^Sourcesjof Or g an icjC^om pbti nd.^ 
1 1 .2 1 U^~s% CJi^nicjConu S oun 
1 1 .4 \ \\ kancM»<J .^Ik^Racti^l^ 
11J5 FimctioniUGrou^ 


rimv ^n^a tion 

2 Tc^-hiog-ptriods 10 
Assessment jpeyiods 
Weiglitagc 5 % 


Students l.earnii^ Outcomes 


Student will be able to; 


• recognize smicutral, condensed, and molecular formulae of the straight 
chain hydaK;arbons up to ten carbon atoms. (Understanding); 

• identify some general characterisiics of organic compounds: 
(Remembering); 

• explain the diversity and magnitude of organic compounds. (Understanding); 

- list some sources of organic compounds (Applying) 

• list the uses of organic compounds (Remembering) 

• recognize and identify a molecule's functional groups. (Understanding) 

» convert alkanes into alkyl radicals. (Applying) 

• differentiate between alkanes and alkyl radicals. (Analyzing) 

• define functional group. (Remembering) 

• differentiate between organic compounds on the b<asis of their functional 
groups. (Analyzing) 

• classiiy organic compounds into straight chain, branched chain and cyclic 

compounds. (Understanding) 

51 
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rnirialJy (before 1828), the name organic chemistry was givcfi for the 
chemistry of compounds obtained from plants and animals, i.e.. from living organism. 
The word organic signifies life. Lavoisier showed that compounds obtained from 
plants were often made of C, H fuid O dements while compounds obtained from 
animals contain dements C, H. N, O, S. P.... etc. 

In early lyth century, Swedish chemist Jacob Berzcilius pm forward the 
Vital Force fheory . According to this tlicoiy organic compounds could not be 
prepared in laboratories because they were supposed to be synthesized under the 
influence of a mysterious force called Vital Force, inherent only in living things. 

I he Vital Force theory suflered death bhw in 1828 when Wohler synthesized 
the first organic compound urea from inorganic substance by heating ammonium 
cy anate { N H4CNO): 

NHj CNO — ► H.iNCONLL 

Rearronpcmeni arc^i 

Later on Vita! Force theory' was further negated by Kolbe (1845) when he 
prepared acetic acid in laboratory. 

Organic compounds include carbohydrates, protein.s, lipids, enzymes, 
vitamins, drugs, pharmaceutical products, fertilizers, pesticides, paints, dyes, 
synthetic rubbers, plastics, artiticial fibres and many polymers, etc. 

11.1 ORGANIC COMPOUNDS 

Today, there are about ten millions of organic compound.s and thousands of 

new organic compounds are being prepared every year. Therefore, the old detiniiion 
has been rejected. 

A detailed investigation of organic compounds revealed that all of them 
contain covalently bonded carbon and hydrogen a.s their essential constituent. Hence, 
organic compounds are hydrocarbons (compounds of carbon and hydrogen} and 
their derivatives, in which covalently bonded carbon is an essential const iruent. 

The branch of chemistry which deals with the study of hydrocarbons and their 
derivatives is known as organic chemistry. 
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Tliough the oxides ot carbon like carbon monoxide and carbon dioxide, 
carbonates, bicarbonaies and carbides arc also carbon compounds, they are not treated 
as organic compounds because their properties are quite diftcrenl from those of 
organic compounds. Each organic compound has specific formula. 


There are four types of formulae ol' 
organic compounds: 

(i) Molecular formula 

(ii) Stnictural formula 

(iii) Condensed formula 

(iv) Dot and cross formula 


(i) Molecular Formula 

The formula which represents the actual number of atoms in one molecule of 
the organic compound is called the moiccular formula, e.g., molecular formula of 
butane is It shows: 

(a) Butane is made up of carbon and hydrogen atoms. 

(b) Each molecule of butane consists of 4- carbon atoms and 10 hydrogen atoms. 

(ii) Structural Formula 

Structural formula of a compound represents the exact arrangeincm of 
the different atoms of various elements present in a molecule of a substance. 

In a structural formula, single bond is represented by a single line (— ), a 

double bond by two lines (=) and a triple bond by three lines (=) between the bonded 
atoms. 


n. 






NHphrhatene ts an organic compound. ^ 
It sublimes at room ^ ^ 

temperature giving out 
very strong smell. It is _ 
used in moth balls to keep 
iitseeUi away from clothes. 


Organic compounds may have same molecular formulae but different 
structural formulae, c.g., structural formulae of butane C 4 H 10 are: 


H II H H 

I I I I 

H-C -C -C - C 

I I [ I 

H H H H 

n-Bulane 


-H 


H H H 
I I I 
H— C — C — C — H 

H C V 
H-l-H 


isohiitane 
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flic formula thai iudicates the group of iUonis joined togetiicr to each carbon 
atom in a straight chain or a branched chain is called the condensed formula. 

H,C CH,-CH,~CH, 

n Biuane 


(i V) Electronic or Dot and Cross Formula 

The formula which shows the sharing of electrons between variou.s atoms in 

one molecule of the organic compound is called dot and cross formula or electroiuc 
formula. 


H,c—CH— cn 


CH, 

Istthuhme 


H 

X 


# 


Hk* c* 
■ 

X 

H 



H 

K 

* 


• C-«H 

X 

H 


Ti huh 

* » X X 

• • • * 

llx. c* ■ c * • C * • C 


X 

H 


X 

H 


X 

H 


H 


Summary of the formulae of organic compounds is reproduced as; 



I able 11,1 presents the names, moleculiu, condensed ant! structural formulae 
of the first ten hydrocarbons. 
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Table llj Names, MolecuJar, Condensed and StrucJural Formulae of 

Hydrocarbons 


Name 

Molecular 

Formula 

Condensed 

Form 

1 Structural Form 

Methane 

CH4 

CH4 

H 

h-c^h 

1 

H 

Ethane 

C2H6 

H3CCH3 

H H 
f 1 

H-C-C-H 
1 1 
H H 

Propane 

C3H8 

H3CCH2CH3 

H H H 

1 1 1 

H-C-C-C-H 
1 i 1 
H H H 

Butane 

C4H1O 

H3C (CH2)2CH3 

H H H H 
, 1 ] t 1 

h-c-c-c-c-h 

t 1 [ [ 

H H H H 

Pentane 

C5H12 

H 3 C(CH 2 ) 3 CH 3 

1 H H H H H 

1 1 1 1 1 

H-C-C-C-C-C -H 
I 1 t 1 1 

H H H H H 

Hexane 

CeHu 

H 3 C(CH 2 ),CHa 

H H H H H H 

•^“C-C-C -C-C-C-H 
1 I I 1 1 1 

H H H H H H 

Heptane 

C7H16 

H 3 C(CH 2 )gCH 3 

H H H H H H H 
1 1 1 1 1 1 1 

M-C-C-C-C-C-C-C-H 

H H H H H H H 

Octane 

CsHis 

H 3 C(CH 2 )sCKi 

hhhhhhhh 

hhhhhhhh 

Nonane 

C0H2O 

H 3 C(CH 2 )^H 3 

hhhhhhhhh 

N-r-A r ^ ri i I 1 i 

hhhhhhhhh 

Decane 

CtoH22 

H 3 C(CH 2 ) 8 CH 3 

hhhhhhhhhh 

f f f f H-f" 

hhhhhhhhhh 
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1 1.1.1 Classii icalion of Organic Compounds 

All known organic compounds have been broadly divided into two categories 
depending upon their carbon skeleton. These are: 


(ii) Clo.sed chain or cyclic compounds. 

(i) Open chain or Acyclic compounds 

Open chain compounds are tliose in w'hich ilie end carbon atoms are not 
joined with each other in tliis way they form a long chain of carbon atoms. These 
chains may be either straight or branched. For example, 

(at Straight chain compounds arc those in which carbon atoms link with each 
other through a single, double or triple bonds forming a straight chain such a.s; 


(b) Branched chain compounds are those in which there is a branch along a 
straight chain, such as; 


Open chain compounds are al.so called aliphatic compounds. 

(ii) Closed chain or Cyclic compounds 

Closed chain or cyclic compounds are those in which the carbon atoms at the 
end ol the chain are not free. They are linked to form a ring. Tltey are further divided 
into two classes; 

(a) Homocyclic or carbocyclic compound.s. 

(b) Heterocyclic compounds. 

t a ) Homocyclic or Carbocyclic compountLs. 

Homocyclic or carbocyclic compounds contain rings which are made up of 
only one kind of atoms, i.e., carbon atoms. These are ftirllier divided into two cla.sses; 

• Aromatic compounds 

• Alicyclic compounds 
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(i ) Open chai n or acyclic compounds. 



Straight chain Straight chain (n-Butanc) 


— c-c-c c*c— 


— c— 

I 


H^C CH-CH, 

" I 

CH, 


Branched chain 


Bnmchcd chain (iscrtiutanc) 



^nicC^sn,lstry 57 Chem/s?ry;f 

Aromatic compounds: These organic compounds contain at least one benzene 
ring in their molecule. A benzene ring is made up of six carbon atoms with three 
alternating double bonds. They are called aromatic becau.se of aroma or smell 
they have. For example. 


Benzene 



Naphthalene 


They arc also called benzenoid compounds. 


Alicyclic ur non-hcnzeiioid compounds: Caibocyclic compounds which do 
not have benzene ring in their molecules arc called alicyclic or non- 
benzenoid compounds. For example. 


CH, CH, 

CH^ CH, 

Cyclobutane 

(b) Heterocyclic compounds 




CH, 

L 


CH, 
Cyclohexane 


Cyclic compounds that contain one or more atoms other than that of carbon 
atoms in their ring.s are called hcle-rocydic compounds 

I 

Thiophene Pyridine 
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The classification may be summarized as follows; 



1 j .1,2 Diversity and Maj^nitude of Organic Compounds 


There are a total of 118 dements known today. Tlic number of ureanic 
compoutids (carbon compounds) is more tlian ten inilUon. This number is far more 
than the number of compounds of all the remaining elements taken together. The 

existence of such a large number of organic compounds is due m the followinc 
reasons; ^ 


0) Catenation: nie main reason for the existence of a large number of organic 
comiwunds is tliat carbon atoms can link with one another by means of 
covalent bonds to form long chains or rings of carbon atoms. The chains can 
be straight or branched. The ability ol carbon atoms to link with other carbon 
atoms to Jorm long chains and large ring.s is called catenaHon. 

1'wo basic conditions for an clement to exhibit catenation are ; 

(a) Element should have valency two or greater than tw o* 


(b> Bonds made by an dement with its own atoms should l>e stronger than the 
bonds made by the dement with other atoms especially oxygen. 

Both silicon and carbon have similar electronic configurations but carbon 
Shows catenation whereas silicon does not. It is maitily due to the reason that C-C 
^nds are much stronger (355 kJ moT ') than Si Si (200 kj mol ) bonds. On the other 
hand. Si - 0 bonds are much .stronger (452 kJ moP') than C-O bond.s (35 1 kJ mol ’). 
Hence^ silicon occurs in the form of silica and silicates in nature. 
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(iit Tsomerism: 

Another reason for the abundance of organic compounds is the phenomenon 
of isomcTism. 


The compounds are said to be isoiiitrs if the\ have ihe same molecular 

formula but different arrangement of atoms in their molecules or different structural 
formiiloe. 


Isomerism alsti adds to the possible number of structures, e.g.. molecular 
formula CsH,, can be represented by diree different strucaires. Thus. C4I,. has ihrcc 
isomers, as shown below; 

H,C - C M, -CH, - CH,- CH , H,C - CH - CH , -Cl I , 

CH, 

n-pentane iso-pentane 

Number oj isomers increases with the increase in number of carbon atoms in 
the given molecular formula. 


CH, 

H,C-C-CH, 

CH. 

neopentane 


(111) Strength of covalent bonds of carbon: Due to its ver>' small size, carbon can 

lorm very' strong covalent bonds with other carbon atoms, hydrogen, oxygen, 
nitiogen and halogens. This enables it to form a large number ol' compounds. 

(iv) Multiple iMmding: In order to satisfy its tetravalency, carbon can make 
multiple bonds (i.e., double and triple bonds). This further adds to the possible 
number of structures. For example, two carbons in ethane are linked by a 
single covalent bond, by a double covalent bond in ethylene and a triple 

covalciU bond in acetylene. 


11.1,3 General Cliaracterlstlcs of Organic Compounds: 

Organic com pounds have the following general characteristics: 

Sfmius <*'‘*ined liom plants and 

a™ recks from minerals 


(n) Compo.sition: Carbon is an essential constituent of all organic compouml.s 
I hey are made up of few elements such as carbon, hydrogen, nitrogen, 
oxygen, halogen, sulphur, etc. On the other hand, inorganic compounds arc 
made up of almost all the elements of the Periodic Table knowm so far. 

(Ill) Covalent linkage: Organic compounds contain covalent bonds, that may he 
polar or non-pokr, while the inorganic compounds mostly contain ionic 
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(iv) Sulubility: Organic compounds having non polar linkages are generally 
soluble in organic solvents like alcohol, ether, benzene, carbon disulphide etc. 
On the other hand, the inorganic compounds with ionic bonds are soluble in 
polar solvents like water. 

(V) Electrical conductivity: Due to the presence of covalent bunds, organic 
compouruis are poor conductor of electricity. Wherea,s inorganic cnm()uunds being 
ionic in nature, arc good condiiciors of electricity in molten state or in aqueous solution. 

(vi) Melting and boiling points: Gcnerully uiganic compotinds have low melting 
and boiling points and are volatile in nature. Inorganic compounds, on the 
other iiand. have comparatively high melting and boiling points. 

(vii) Stability-: Since organic compounds have low melting and boiling points, they 
are less stable than inorganic com|Jounds. 

fvin) Combustibility: Organic compound.s with high percentage of carbon are 
generally combustible. On the other hand, inorganic compounds are mostly 
non-com bustible. 

MX) isomerism: A main characteristics of organic compounds which differentiate 
them from inorganic substances is their tendency to exhibit the phenomenon 
of isomerism. Isomerism is rare in inorganic sub.star.ee. 

(X) Rale of reaction: Due to the presence of covalent linkages, the reactions of 
organic compounds are molecnhu in nature. They are often slow and require 
specific conditions such as temperature, pressure or catalyst. 



yourself U.l 


i. Why and how carbon completes its octal? 

li. Point out the properties of carbon which are responsible for 
formation of long chains of carbon atom compounds. 

Hi. Why the melting and boiling points of organic compounds are 
tow? 

iv. Why the organic compounds are poor conductors of electricity? 

V. What are the reasons for the formation of millions of organic 
compounds? 


11.2 SOURCES OF ORGANIC COMPOUNDS 

Otganic compounds are prepared naturally by animals and plants Aninitils 
synthesize two main groups of organic compounds: proteins and fats. Proteins are 
meat, muUon, chicken and eggs, etc. Fats are present in milk, butler, etc. Plrints 
.synthesize; carbohydrates, proteins, fats, vitamins, etc. 
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Moreover, dead plants buried under Earth's crust are converted through 
biochemical processes to coal, petroleum and gas. 7'hpse materials are the main 
sources oj organic cnmpoimcts. We can get thousands of organic compounds by the 
destructive dtstiUatian of coal and fractional distillation of petroleum. Detail for each 
source i.s given in figure lielow: 



beef 

fish 


maize 

potatoes 

barley 

rice 


beans 


orange olive oil 
banana soyabean 
peanut oil 
sunflower oil 


Fig. 1 1 . 1 Sources of organic compounds 


11.2.1 Coal 


Coal IS blackish, complex mixture of compounds of carbon, hydrogen and 
oxygen. If also consi.sts of small amount.^ of nitrogen and sulphur compounds: 

Coal was formed by the decomposition of dead plants buried under the Earth's 
cnisl millions of years ago. Conversion of wood into coal is called carbonization. It is 
a very .slow bio-chemica! process. If takes place in the absence of air under high 
pressure and high temperature over a long period of lime (about 500 millions of 
years) as shown in figure ) 1 ,2. Wood contains about 40<^ carbon, so depending upon 
the extent of carbonization process, four types of coal are found. These types differ 
with respect to carbon content, volatile matter and moisture. Table 11.2 shows the 
detail of contents of different types of eoals and their uses in daily life and industiy. 
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Coal 


Bituminous 

Anthracite 

Fij 5, 1 1 .2 Fnrmaiion of t-oai in clitterem stago; with the increase of pressure. 


J’able 1 1 .2 DilTerent types ol' coal 


j Type of Coal 

r Carbon contents 

Uses ] 

j Peat 

60 % 

It is inferior quality coal used 1 
in kiln. 

Lignite 

1 1 

70 % 

It is soft coal used in thermal 
power stations. 

Bituminous 

80 % 

It is common variety of coal 
used as household coal. 

1 Anthracite 

90 % 

11 is superior quality hard coal . 
that is used in industry. j 


H- ,11 I’f ^ Of organic compounds because of destructive 

dish a ion. [he ,trons heating of coal in the absence of air is called destructive 
dishliation. As we know coal contains eiemenls like caibon, hydrogen oxygen 
rntrogen and sulphur. So destructive distillation of coal provides a large numS 
organic compounds along with a few inorganic compounds. 'Phc.se products are: 

(i) Coal Gas is mixture of hydrogen, methane and carbon monoxide It 
produces heat when burnt in air. Therefore, it is mainly used as a ruel in 

industry'. It ts also used to provide an inert or reducing atmosphere in various 
metallurgical processes. 


(ii) 


(iii) 


Aminunkal Liquor is a solution of ammorua gas in water. It is used to 
prepare nitrogenous ferti lizers. For example, when it is treated with sulphurie 
aciu, II produLxs iimnioniuni sulphaic, fertilizer. 

Coal Tar is a thick black liquid. It is a mixture of more than 200 different 
orgiuiic compounds, mo.stly aromatic. These compounds are separated by 
raciional distillation. .Some of the important aromatic compounds are 
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benzene, phenol, toluene, aniline, eie. These chcmicajs are used lo synthesize 
drugs, dyes, explosives, paints, varnishes, pla.stics, synthetic fibre and 
pesticides. Besides these valuable cliemicals, the black residue of the coal tar 
IS called pitch. It is used for surfacing of roads and roofs. 


IV '. Coke is 98% carbon. It is left behind residue of coal. When coal is subjected 
to destructive distillation, it loses all its volatile components and leaves behind 
a solid re.sidue called coke. It is mainly used a.s a reducing agent in the 
extraction of metals especially iron. K is also u.sed as fuel. 



yourself 11.2 


I. Name the gases which are found in coal gas. 

it. Is coat tar a compound. What is importance of coaltar? 

Hi. What is coke? For what purpose it is used? 

iv. Which is the best qualify of coat? ^ 

V. What is destructive distillation? 



Scientists iire working on ways to 
convcTi coal into gas underground so 
that it will run have to be mined. This will 
allow us to use small seams of coal or 
seams that are dangerous (o mine because 
of weaknesses in Ihe surtoutiding rocks. 


11*2*2 Petroleom 


Petroleum is a dark brownish or greenish black coloured viscous liquid. It is a 
complex mixture ol several solid, liquid or gaseous hydrocarbons in water mixed 
with salts and earth particles. 

Pcti-uieum IS a mam source of organic compounds. It consists of several 
hydrocarbons. These compounds are sepaniied bv fractional 
r^eelT tractions or components depending upon their boilins point 

ranges). These fracuons and their u.ses are provided in table 16.1 in chapter 16 Each 

com^undV* compound, rather each of it consists of different organic 

11.2.3 Natural Gas 

. K JeJ^- ^ hydrocarbons. The main component 

about 85 A} is methane, along with other gases: ethane, propane and butane. It.s origin 
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!s similar to that of coal and petroleum. Therefore, it i.s found with their deposits as 
shown in figure 1 1 .3. Natural gas is used as fuel in homes as well as in industries. It is 
used as fuel in automobiles as compressed natural gas (CNG). Natural gas is also 
iKscd to make carbon black and fertilizer. 


11.2.4 Plants 



earth crust 
shale 

imperious rock 
gas 

petroleum 


water 

impervious rock 


Hg. 1 1,3 Occurrence and drilling of gas. 


Living plants synthesize macro-molecules, e.g., carbohydrates, proteins oils 
and vitamins. 

Tile basic unit of all types of carbohydrates is glucose which is synthesized by 
plants ihrough photosynthesis. Glucose then further polymerizes to form sucrose, 
starch and cellulose. 

Proteins are found in the pulses and beans. Proteins are prepared by the fixation 
of nitrogen by bacteria found on the roots of plants. 

Oils are found in the .seeds ot plants such as stinnower, rape.seed, palm, 
coconut and ground-nut. 


Viiiimins are found in apple and citrus fruits. Beside.s these major food items, 
plants al.so give us gums, rubber, medicines, etc. 

11.2.5 Synthesis in Laboratory 

Ju.st about two hundred years ago, it was considered that organic compounds 
could be synthesized only by plants and animals because they possess ‘Vital Force’, 
which is very essential for syntlicsis of organic compounds. But the synthesis of urea 
(NH 2 CONH 2 ) in laboratory by F.M. Wholcr in 1828, opened the discipline on field 
synthesis of organic compounds in laboratory. Uptil now more than ten million 
organic compounds have been prepared in the laboratories. They range from simple 


www.lqbalkalmati.blogspot.com 





Organic Chemistfy 


65 


Chemistry X 


to complex compounds. They are present in drugs and medicines: flavours and 
fragrances; plastics and paints; synthetic fibres and rubber, cosmetie.s and toiletries 
and detergents insecticides and pe.sticides, etc. 

1 1 J USES OF ORGANIC COMPOUNDS 

No doubt, thousands of organic compounds are synthesized naturally by 
animals and plants. But millions of organic compounds are being prepared in the 
laboratories by the chemists. Because these compounds arc part of everything from 
food wc eat to the various items we use in daily life to fulfll] our needs, 

ti) Uses as Food: The food we eat daily such as milk. eggs, meat, vegetables, 
etc., contain carbohydrates, proteins, fats, vitamins, etc., are all organic stuff. 

(ii; Uses us Clothing: Ail types of clothing (wc wear, we use as bed sheets etc.) 
are made up of natural fibres (conoa, silk and wool, etc.) iuid synthetic fibres 
(nylon , dacron and acrylic, etc.) all these are organic compounds. 

(iii) ■ ises as Houses: Wood is cellulose (naturally synthesized organic compound). 
It is used for making houses and furniture of all kinds. 

(ivi Uses as Fuel; The fuels we use for automobiles and domestic purpo,ses are 
coal, petroleum and natural gas. These arc called fossil fuels. All of these are 
organic compounds. 

■' Uses a.s Medicines; A large number of organic compounds (naturally 
synthesized by plants) are used iis medicines by us. Most of the life saving 
medicines and drugs such as antibiotics (inhibit or kill microorganisms which 
cause infectious diseases) are synthesized in laboratories. 

'vi; Uses as Raw Material; Organic compounds are used to prepare a variety of 
materials, such as rubber, paper, ink. drugs, dyes, paints, varnishes, pesticides, 
etc. 

/. Define petroleum. ' 

ii. What types of compounds are synthesized by 
plants? 

iii. What is the basic unit of carbohydrates and how 
it is synthesized? 

iv. CNG stands for ...... 

V. Our existence owe to organic compounds, 
comment. 
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11.4 ALKANES AND ALKYL RADICALS 

I 

Alkanes are saturated hydrocarbons or paraffins (para means linie, affin 
means affinity). Their general formula is where ‘n^ is number of carbon 

atoms. In case of alkanes ‘n‘ ranges from 1 to 40. In this way, alkanes form the most 
important homologous series of compounds. 

Homologous Series 

Organic compounds are divided into groups of compounds having similar 
chemical properties. Each group is known as a homologous series. Organic 
compounds ot the same homologous series have the following properties in common: 

‘i' Alt members of a series can be represented by a general formula for example 
geticral formulae of alktme, alkanes aud alkynes are CnHm and 

CnH^n-:, respectively, 

(ii I Successive members of the series differ by one unit of -CI I 2 - and 14 units in 
their relative molecular niass. 

(iii) They have similar chemical properties (because they contain the same 
functional group). 

(i^ ' There is a regular change in their physical properties: the melting and boiling 
points increa.se gradually with the increase of molecular masses. 

(v) They can be prepared by similar general method.s. 

Hydrocarbons are regarded as parent organic cumpound.s. All other 
compounds are considered to be derived from them by substituting one or more 
hydrogen atoms of a hydrocarbon by one or more reactive atom or group of atoms. 

Formation of Alkyl Radicals 

Alkyl radicals are derivatives of alkanes. They are formed by the removal of 
one of the liydrogen atom of an alkane and are represented by a letter 'R' Their 
name is written by replacing 'ane' of alkane with 'yP. Table II. 3 represents first ten 
alkanes and their alkyl radicals. Their general formula is CnH 2 n.>-i 
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Table 11.3 Names and Molecular Formulae of Alkanes and their Alkyl Radicals 


Alkane 

WawiMrFormula 

Alkyl iKU" 

Name 

1 Methane 

CH4 

CHa- 

Methyl 

Ethane 


C2H5 

Ethyl 

Propane 

CaHs 

C3H7- 

Propyl 

Butane 


C4H9- 

Butyl 

Pentane 

C5H12 

CfiHn — 

Pentyl 

Hexane 

CsHh 

CfjHi3 — 

Hexyl 

Heptane 

C7Hte 

0 

■vt 

X 

1 

Heptyl 

Octane 

CsHfa 

C0H17 

Octyl I 

Nonane 

CgHj>o 

CgHis ^ 

Nonyl 

1 Decane 

C10H22 

CioH2t ^ 

Decyl 


It IS better to explain the type of radicals of propane and butane. Propane has a 
straight chain structure. When terminal H is removed it is called n-propyl. When 
hydrogen from central carbon i.s removed it is called isopropyl, as explained below: 


CH3— CHj-CHj 
propane 



Removal of terminal H 


Removal of central H 


CH3 CH2 CH^- n-propyl 
H 

CH^—C-CHa isopropyl 


Similarly^ differcui btructures of butyl radicals are explained: 


CHa-CH^-CHg-CHg 

butane 


CH 3 

I 

CH 3 - CH-CH 3 
isobutana 



RemovaJ of terminal H 


Removal of centraf H 


Removal of terminal H 


Removal of central H 


CH3— CHg— r>butyl 
H 

CH2— CH 3 sec-butyl 

CH 3 

CH3-CH -CHp- isobiityl 

CH 3 

CHg-i-CH, 

I 

ter-bulyl 
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11.5 FUNCTIONAL GROUPS 

An atom or group of atoms or presence of tfoubie or triple bond which 
determines the characteristic properties of an organic compound is known as the 
functional group. The remaining part of the molecule mainly determines the physical 
properties such as melting point, boiling point, density, etc. For example. -OH group 
is the functional group of alcohols, which gives characteristics properties of alcohols. 
Tile characteristic properties ol‘ carboxylic acids arc due to the pre.sence of -COOH 
group in them. Therefore, /H/icf/Vj/wZ group of carboxylic adds is -COOH group. 

1 1.5,1 Functional Groups Containing Carbon, Hydrogen and Oxvgeii 

The organic compounds containing carbon, hydrogen and oxygen as 
functional group are alcohols, ethers, aldehydes, ketones, carboxylic acid.s and esters. 
Tlieir class name, functional group, class formula and examples are given in the 
Table 1 1 .4. 

(i) Alcoholic (iroup 

The fimciional group of alcohols is -OIL Their general formula is ROH. 
where R is any alkyl group. 

CT I3 OH CHi - CH: - OH CHj - CH2 - CH2 - OH 

Methyl likohol Ethyl alcohot n-t*ropyl alcohol 

(ii) Fthcr Linkage 

The functional group of ether is C — O — C. Their general fonimla is 
R — O — R'. where R and K' arc alkyl groups. 

R and R' may be same or different, such as: 

H,C-0-CH.t Dimethyl ether C2ll5-0-C:3H5 Diethyl ether 
H 3 C- 0 -CiH> Htliyl methyl ether 


(iii) Aldehydic Group 

O 

Aldehyde family com s of functional group — c — h 
T heir general formula is KCHO. 
where R stands for H or some alkyl group, such as: 

i? {? 

H-C-H H3C-C-H 

Formaldehyde Acetaldehyde 
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(iv) Ketonic Gruup 




Compounds containing the funciional group ^c =0 are called ketones. They 


O 

It 

H3C-C-CH3 


have the general formula R-C-r’ 

where R and R' are alkyl groups. They may be same or different, such as: 

O 
II 

HaC-C-CHs-CHa 
Acetone (Dimethyl ketone) Ethyl methyl ketone 

(v) Carboxyl Group 

0 

Compounds containing functional group — c-OH are called carboxylic 

O 

acids. Their general formula is H - C • OHi 

where R stands for — H or some alkyl group. Such as: 

O O 

II II 

H-C-OH H3C-C-OH 

Formic acid Acetic acid 


(vi) 


I 


nterestinq 


inform^iOn 



• Perfumes often contain rose oil, which consist of distiller 
smell giving organic compound geraniof Geraniol 
consist of two riinctional groups; carbon-carbon double 
bond and the hydroxyl group, 

• A sniffing dog can recogni/c the characteristic smell 
of human sweat. Each person’s sweat contains a unique 
blend t)f carboxylic acids. 


Esl^^^ Linkage 

Organic compounds consisting of RCOOR’ functional group are called esters, 

O 

Their general formula is R-C-Or"^ ! 

where R and R are alkyl groups. They may be same or different, such as: 

O O 


H3C-C-OCH3 

Methy* acetate 


H3C-C-OC2Hf; 

Ethyl acetate 
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Table 1 1.4 Functional groups containing carbon, hydrogen and oxygen 


Class Name 

' Functional 
Group 

Class 

Formula 

Examples 

Alcohols 

Primary 

— CHg-OH 

R*CH 2 - 0 H 

H 3 C“CH 2 *" 0 H 

Secondary 

\ 

CH-OH 

/ 

CH-OH 

HgC, 

CH-OH 

Tertiary 

1 

-C-OH 

1 

R 

R-C-OH 

HgC-C-OH 



R 

CHs 

Ethers 

-0— 

R-O-R 

HaC-O-CHg 

Aldehydes 

o 

Tl 

H 

n-c-H 

o 

HgC-C-H 

Ketones 

0 

It 

c— 

0 

11 

R-C-R 

o 

H3C *C— CHj 

Carboxylic acids 

0 

II 

—C-OH 

0 

11 

0 

H3C C-OH 

Esters 

0 

II 

—c-on 

0 

R C-OR 

It 

HgC-C-OCgHs 



U^S.2 Functional Group Containing Carbon, Hydrogen and Nitrogen: 

The organic compounds containing carbon, hydrogen and nitrogen as 
functional group are called as amines. Their Junctional group i.s -NH,, and their 
general formula is K-NH: . Examples of amines are; 


MiJthytnmmc 


H,C- NH 

I 

CHj 

Dtmettiyliimtne 


H,C- N - CH, 
CH, 

Trimeliiy [amine 


Functional Group Containing Carbon, Hydrogen and Halogens: 

The orgamc compounds having functional group containing carbon, hydrogen 
and halogens are called alkyl halides. Their functional group is R-X. 'X' may be F 

Cl, BrorK ' 
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Table 11.5 Functional group containing carbon, hydrogen and halogens 


Class Name 

Functional 

Class 

Formula 

Examples 

Alkyl Halides 



— 

1 a. Primary 

X 

1 

fo 

X 

0 

1 

R-CH^^X 

HgC-CHj-X ELhyl halide 

b. Secondary 

\ 

CH-X 

/ 

CH— X 

CH—X it-c-rVopyi halide 

H3C 

c. Tertiary 

1 

R 

I 

R-C— X 
\ 

R 

^ 

CH3 

H3C— C— X f^r-Butyl halide 
CH3 


Hydrocarbon compounds consisting of double bonds between two carbon 
atoms m their molecules are called as alkcnes. such as: ™ 

H.C = CH2 H3C - HC = CH, 

Ethene Propeiic 

In compounds consisting of triple bonds between two carbon atoms 

in their molecules are called as uikynes. such as; 

^^ = CH HjC-CsCH 

Ethyne (Acetylene) Propyne 

11.6 TESTS OF FUNCTIONAL GROUPS 

11.6.1 Test for Unsaturation or -c = c- 

(i) Bromine water test: 

Dissolve a pinch of the given organic compound in 2.0 cm’ of carbon 
tetrachlonde (CCUX Add 2 cm’ of bromine water in it and shake. 

Result; Bromine wifi be decolourised. 

(ii) Baey er's test: 

Dissolve aboul 0.2 g of the organic compound in water* Add to it 2-3 drops 
of alkaline KMn 04 solution and shake. 

Result; Pink colour wil] disappear, 

11.6*2 Test for Alcoholic Group 

(i) iSodiufn metal test: 

Take about 2-3 cm^ of the given organic liquid in a dry test tube and add a 
piece of sodium metal. 

Result: Hydrogen ga.s will evolve. 
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(ii) Eiiter formation tost; 

Heat about 1,0 cm' of the organic compound with 1.0 cm' of acetic acid 
and 1 -2 drops of concentrated sulphuric acid. 

Result: Fruity smell will be given out 

O 

11.6.3 Test for Carboxyl Group 

(i) Litmus test: 

Shake a pinch of the given compound with water and add a drop of blue 
litmus solution. 

Result: Litmus solution will turn red. 

(ii) NaHCO} solution test: 

Take about 2.0 cm^ of 5% NaHCOi solution and add a pinch of given 
compound. 

Result: CO? gas with effervescence evolves. 

O 

1 1.6.4 Detection of Aldehydic Group — C — H 

(i) Sndiom bisulphite test; 

Shake about 0.2 g or 0.5 cm^ of the given compound with 1-2 cm^ of 
.saturated solution of .sodium bisulphite. 

Result: A crystalline white precipitate will be formed. 

(ii) Fehling’s solution test: 

Mix equal volumes of Fehling’s solution A and B in a test tube. Add a 
pinch of organic compound and boil for five minutes. 

Result; Red precipitate will be formed. 

11.6.5 Test for Ketonic Group *^0 = 0 
(i) Phenyl hydrazine test: 

Shake a pinch of the given organic compound with about 2.0 cm ' of phenyl 
hydrazine .solution. 

Result: Orange red precipitate will be formed, 
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(ii) Sodium ni(ropru!ia;ide test: 

Take about 2.0 cm^ of sodium mtropmsside .solution in a test tube and add 
2-3 drops of NaOH solution. Now add a pinch of the given compound and 
shake. 

Result: Red colour will be formed. 

(tii) With FehJing*s solution; 

No reaction 

1 1.6.6 Te,st for Primary A min o Group (-NH,) 


(i) Cart>yl amine test: 

Heat about 0.2 g of the given compound and add 0.5 cm^ of chloroform and 
add 2-3 cm^ of alcoholic KOH. 


11.6.7 


Result; Extremely unpleasant odour will be given out. 
Test for Ester 

They are recognized by their fruity smell. 



yourself 11.4 


i. What is the hinctionai group of an ester? 

ii. What Is the difference between eldehydes and 
ketones? 

iii. Give the functions! groups of alkenes and alkynes. 

iv. How is an alcohol tested? 

V. How a ketonic group is tested? 



Pharmaceutlcaf chemists work towards the partial and total 
synthesis of effective drugs 

Synthesise of effective drugs to control the epidemics and 
fatal diseases is the need of the society. The responsibility to 
synthesize effective drugs is of pharmaceutical chemists. They can 
evaluate the efficiency and safety of these drugs. They make the 
drugs more and more effective by reducing their side effects and 
enhancing potency. 
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Key Points 


• Organic compounds are compounds of carbon and hydrogen and their derivatives. 

• Compounds made up of carbon and hydrogen are called hydrocarbons. They are 
alkanes, alkenes and alkynes. 

• Organic compounds are molecular compounds having covalent bonding. 

• They form homologous series of compounds, thus their properties resemble within 
a series. 

• Sources of organic compounds are animals, plants, coal, petroleum and natural 
gas. 

Dead plants buried under Earth s crust are converted into coal: petroleum and 
gas. Coal is blackish solid material. 

■ Coal consists of four types, such as peat, lignite, bituminous and anthracite. 

• Destructive distillation of coat produces: coal gas, ammonical liquor; coaltar and 
coke. 

• Petroleum is a dark brownish or greenish black coloured viscous liquid consisting 
of several compounds. These compounds are separated by fractional distillation. 

• Natural gas is a mixture of low molecular mass hydrocarbons. It is mainly used as 
fuel. 

• Living plants synthesize macro-molecules (carbohydrates, proteins, fats and 
vitamins). 

• Organic compounds can also be synthesized in laboratories ranging from the 
simplest compounds to complex ones. 

• Organic compounds have wide range of uses. They are used as food, clothing, 
housing fuel, medicines and to prepare a variety ot materials. 

• Alkanes are saturated hydrocarbons, alkyl radicals are derivatives of alkanes 
which are represented by 'R'. 

• An atom or a group of atoms that provide characteristics properties to an organic 
compound is called functional group. 

Depending upon the functional groups, organic compounds are classified as 

alcohols, ethers, aldehydes, ketones, carboxylic acids, esters, amines and alkyl 
halides. 
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Synthesis in 
laboratories 


L ive plants 

• Carbohydrates 

* Proteins 
® Oils 

® Vitamins 


Animals 

• Proteins 

* Fats 


Dead Plants 
' Coal 
» Petroleum 
• Gas 



® Molecular 
® Structural 
® Condensed 
• Electronic 


formulas 


ORGANIC 

Compounds 



• as food 

• as clothing 
, * * as houses 

® as fuel 

• as medicines 

• as raw materials 


Functional 

groups 


Alkyl 

radicals 


Homologous 

series 



Containing 
C. H and O 


Containing 
C, H and N 


Containing C. 
H and Halogens 


Containing double 
and triple bonds 


• Alcohols 

• Ether 

• Aldehyde 

• Ketone 

• Carboxyl acid 

• Ester 


Amines 
> Primary 
Secondary 
* Tertiary 


Alkyl halides 
> Primary 
^ Secondary 
^ *' Tertiary 


' Alkene 
AlKyne 



Types: • Peat • Lignite • Bituminous • Anthracite N 


/ 


Products: • Coal gas • Ammonical liquor • Coaltar • Coke 
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L EXERCIS E 

Multiple Choice Questions 
Ihit a (>/ )on the correct answer 


1 . The ubility of carbon utoins to form chains is called 

a. isomerism b. catenation 

c* resonance d. condensation 

2. Coal having 90 % carbon contents is called ; 
a. peat 
c. anthracite 

3. Main component of natural gas is : 
a. methane 
c. butane 


b. lignite 
d. bituminous 


b. propane 
d. prt)pene 


4. The strong heating of coal in retorts in the absence of air is called 

a. fractional distillation b. sublimation 

c. roasting d. destructive distillation 

5. Pitch is black residue of: 

^oke b. coal tar 

cl. coal gas 

6. Natural gas is 85% methane. It is used to make 

a. carbon black b. cuke 

d. coal gas 

7. V\ hich one ol the following does not contain starch: 

a. sugar cane b. maize 

c. barley j potatoes 


8. Petroleum is refined by: 
a. destructive distillation 
c. simple distillation 

9. In laboratory urea was prepared by: 
a. Whoier 
c. Berzellius 


b. fractional distillation 
d. dry distillation 


b, Rutherford 
d. Dalton 
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10 . CtCRL^ral formula of alkyl radical is : 

a. CnH 2 n +2 b. Cn Hin-I 

C. Cnl l2n+I d. Cji 

1 1 Identify which one of the following compounds is a ketone, 
a. {CHO 2 CHOH b. (CH3)2C0 

c. (CHi) 2 NI-I d. (CH 3 ) 2 CHCI 

12. The functional group -COOH is found in; 

a. carboxylic acid b. aldehydes 

c. alcohols d. esters 

I? Which one of the following statements is not true about fossil fuels? 
a. they all contain carbon b. they are renewable 

c. they produce pollutants when burnt d. they cause acid rain 

14. Which one of the folio wing is the hardest coal? 

a. peat b. lignite 

c. bituminous d, anthracite 

15. In which of the following groups, oxygen is attached on both sides with 
carbon atoms? 

a. ketone b. ether 

c. aldehyde d. ester 

16. Carbonization process is the conversion of: 

a. coal into coal gas b. coal into wood 

c. wood into coal d. wood into coal tar 


1 7. Coal gas is a mixture of: 

a. CO and CII 4 b. CO, CII 4 , CO 2 

c. CO, CH4. H: d. CO, and CO2 

18. Which one of the following is a synthetic fibre? 

a. cotton b. wool 

c. nylon d. silk 

19. W'hich one of the following is not a fossil fuel? 

a. coal b. mitiiral gas 

c. biogas d. petroleum 

20. Which one of the following docs not contain protein: 

a. pulses b. potatoes 

c. beans d. eggs 
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21. Conversion of dead plants into coal by the action of bacteria and heat is 
calJcd: 

a. carboni/alion b. catenation 

c. hydrogenation cracking 

22. Which one of the following compounds is an aldchvde? 


a. CH,-CIl 2 -OH 
c. CHiCHO 

23. Formula of acetaldehyde is : 

a. CHa-CHjOH 
O 


b. CH^-COOH 
d. CHCOCHt 

O 

II 

b. CHi - C - 01 1 
O 

II 

d. H-C-H 


c. CHj-C-H 

Short Questions 

1. What is meant by the term catenation? Give an example of a compound that 

displays catenation. hviuuu uiui 

2 . How is coal formed? 

3. What is importance of natural gas? 

4. Justify that organic compounds are used as food. 

5 . How are alkyl radicals formed? Explain with examples. 

isopropyl? Explain. with 

7. Explain different radicals of butane. 

8- Define functional group with an example. 

9. What IS an ester group? Write down the formula of ethyl acetate. 

10. Write down the dot and cross formulae of propane and n-bmane? 

12. Write classification of coal. 

1 3. What are heterocyclic compounds? Give two examples. 

14. Why benzene and other horaologou.s compo-.md.s of benzene are called 
aromatic compounds? 
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Extensive Questions 

1 , (a) How is coal Ibnned? What are the different types of coal? 

(b) Write down the composition and uses of different types of coa). 

2. (a) What is destructive distillation of coal? 


(b) Name the different types of the products obtained by the destructive 
distillation of coal. 

2. Write a detailed note on functional groups of alkenes and alkynes. How they 
are identified from other compounds? 

4. Give some uses of organic compounds in our daily life. 

5. Write down the characteristics of homologous series. 

6. Why organic compounds are numerous? 

7. What are amines? Explain the different types of amines giving an example of 
each type. How primary amino group is identified? 

8. Describe the functional group of an alcohol. How alcoholic groups are 
identified? 


9. Differentiate between aldehydic and ketonic functional groups. Mow both are 
identified from each other? 


10. Encircle the functional groups in the following compounds. Also give the 
names of the functional groups? 


0 

II 

(i) CH3-C-CH3 


0 

II 


CHj-C-H 


O 


0 


(Hi) HO-C-CHi-CHj 


(iv) H-C-CH7-CH3 


0 

11 

(V) HjC = CH-CH, (vl) CH,-0-C-CH, 


1 1 , What are general properties of organic compounds? 

12. Write a detailed note on classification of organic compounds. 
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I inic- allocatiy.ii 
Teaching periods 
Assessment periods 
Weightage 


Uor^,Loi!cepts 


’JMMvntv i.urning Outconi6S 


Student will be able to: 

explain why a systematic method of naming chemical compounds is 
necessary. (Analyzing); 

characterize a hydrocarbon. (Understanding); 

distinguish between saturated and unsaturated hydrocarbons 
(Understanding); 

name of alkanes upto decaiie. (Remembering); 

draw electron cross and dot structures of simple alkanes. (Applying); 

wme a chemical equation to show the preparation of alkanes from 

lydrogenation of alkenes and alkynes and reduction of alkvl halides 

(Remembering); 

draw structural formulas of alkane.s, alkenes and alkynes upto carbim 
atoms (Understanding); 

write a chemical equation to show the preparation of alkenes from 

dehydration of alcohols and dehydrohalogenation of alkyl halides 
(Remembering); 

write a chemical equation to show the preparation of alkynes from 

delta] ogenati on ol U2- dihalides and tetrahalides (Remembering); 

wnte chemical equations showing halogenation for alkanes, alkenes and 
alkynes (Remembering) and 

write a chemical equations showing reaction of KMnOi with alkenes and 
alkynes (Remembering); 
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IntrodoctMUi; 

The simplest class of organic compounds is hydrocarbons (compounds 
consisting of only carbon and hydrogen elements). Carbon is the only element 
capable of forming stable, extended chains of atoms bonded through single, double, 
or triple bonds. Hydrocarbons are divided into four genera) classes, depending upon 
the nature of bonds present in the molecules. These are alkanes, alkenes. alkynes and 
aromatics. Each carbon atom of a hydrocarbon has four bonds. 

Hydrocarbons are further classified as saturated and unsaturated. The 
members of these classes have different chemical properties because of different 
nature of bonds present in them. However, their physical properties are similar 
because of comparable electronegativities of carbon and hydrogen. Thus, they are 
almost nonpolar and insoluble in water. Tliey dissolve readily in nonpolar solvents. 
They are gases or volatile liquids and their volatility decreases with die increase of 
molecular mass. That is the reason low molecular mass hydrocarbons are gases at 
room temperature, such as: CH4 and C2II6. Moderate molecular mass hydrocarbons 
arc liquids, such as, CsHj.q while higher molecular mass hydrocarbon.s are solids. 

Fossil fuels are hydrocarboits. Tliey are not only major sources of energy but 
also are raw materials used to make thousands of consumer products. Hydrocarbons 
are the starting materials for die synthesis of organic chemicals of commercial 
importance. These chemicals are essential for making plastics, synthetic rubbers, 
synthetic fibres, and fertilizers, etc. 

Hydrocarbons 

Hydrocarbons are those compounds which are made up of only carbon and 
hydrogen elemenis. 

Hydrocarbons are regarded as the parent organic compounds since other 
organic compounds are considered to be derived from them by die replacement of one 
or more hydrogen atoms by other atoms or group of atoms. 

Types of Hydrocarbons 

On the basis of structure, hydrocarbons are divided into mo tnain classes: 

(i) Open chain or Aliphatic hydrocarbons: These are the compound.s in which 

die first and the last carbon arc not directly joined to each oUier. The open 

chains of carbon may be straight or branched. 


www.iqbalkalmati.blogspot.com : 



Chemistry X 


B2 


Chemistry K 


For example; 

HjC— CH, — CH, CH, 

Straight chain (n-butane) 


H3C — CHs— CHs 
CH, 

Branched chain (isobutane) 


Types of open chain hydrocarboas 

Open chain hydrcx:arbons have been further subdivided into .saturaied and 
unsaturaied hydrocarbons. 

(a) Saturated hydrocarbons 


The hydrocarbon in which all the four valencies of carbon atoms are fully 
satisfied (saturated) hy stngle bonds with other carbon atoms and hydrogen atoms 
are called saturaied hydrocarbons. Satmated hydrocarbons are also called alkanes. 
Thus, an alkane is a hydrocarbon in which the carbon atoms are connected by only 
single covalent bond (there are no double or triple covalent bunds in alkanes). 


Methane (CH4), ethane propane (QHk) and butane (C,(Hio) are all 

saluTdled hydrocarbons because they contain only carbon-carbon single bonds, as 
shown below: 


H 

I 

H-C-H 

i 

H 

Methane 


H H 
I 1 

H-C-C- H 
I I 
H H 

Hthane 


H H H 
I I I 

H-C-C-C-H 
I I I 
H H H 

Propane 


H H H H 
I I I I 
H-C-C-C-C-H 
I I I I 
H H H H 

Butane 


The genera] formula of saturated hydrocarbons is CnH2n+2, where n is the 
number of carbon atoms in one molecule of the alkane. 

(I>) Unsaturated hydrocarbons: 

The hydrocarbons in which two carbon atoms are linked by a double or a 
triple bond are called unsaturated hydrocarbons. The compounds in which two 
carbon atoms are linked by a doidde bond are called alkenes. For example, ethene 
and propene. 

HsC^CHs H3C-CH=CH2 

Ethene Propene 

These compounds have general fonnuki C„Hi„ and functional group >C = C<. 
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The hydrocarbons in which rwr) carbon atoms are linked by a triple bond are 
called atkynes. For example, elhyne and propyne. 


HC=CH 

Ethyne 


HgC-CsCH 

Propyne 


(ii) 


They have general fonnula Cnll2n-2 and functional group C = C 


C;iosed chain or Cyclic hydrocarbons: Compounds having rings of carbon 
atoms in their molecules arc called closed chain or cyclic hydrocarbons, e.g. 
benzene (CsHfi), cyclobutane and cyclohexane. 


^ CH. CH, 

CH; CH. 

Benzene Cydobiitane 




CK, CH 

CH, in 

Cydohfncanfi 



yourself 12.1 


i. Why are hydrocaitons considered as parent organic 
compounds? 

ii. What is the difference between a straight and a branched 
chain hydrocarbons? 

Hi. Give the general formulae of saturated and unsaturated 
hydrocarbons. 

iv. Define unsaturated hydrocarbons with examples. 



Hydrocarbons 


Close 

chain 


Aromalic > 


^ Straight \ Branch~\ 

V chain J y chain J 
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Tlic simplest hydrocarbons are alkanes. In these compounds all the bonds ol 
carbon atoms are single that means valencies carbon atoms are saturated. Therefore, 
they arc least reactive. That is the reason, alkanes are called paraffin.s (para means 
less, and affins means affinity or reactivity). 

Alkanes lorm a homologous series of compounds in which each successive 
member of the series differs by a CH^ group but they have similai- structures and 
similar chemical properties. The first member of the series is methane (CH4), next 
ethane (CjIIfi), then next propane (CjHg) and .so on as given in the previous chapter 
Table 1 1 . 3 . I he electron cros.s and dot structures of simple alkanes are presented as 
follow's: 

H 

K 

# 

Hx. c»*H 
H 

Sources of Alkanes 

(i) The main sources of alkanes are petroleum and natural gas. 

(ii) Methane forms about 85 < 5 ( of natural gas. 

(iii) All the alkanes are be obtained commercially by the fractional distillation 
of crude petroleum. 

(iv) Marsh gas is formed by the bacterial decay of vegetable matter contains 
mostly methane. 

(v) Fuel gases obtained from coal gas contain aikanes in small amounts. 

fvi) Methane occurs in gobar gas, sewage gas and bio-gas which are formed 
by the decomposition of cattle dung, excreta and plant wastes. 

1 2. 1 .1 I*reparation of A Ikanes 

As we know alkanes form a series of homologous compounds. So, their 
methods of preparation and chemical properties are similar. Although, there are many 
methods of preparation, but only two methocLs are discussed here. 

12.1.1.1 Hydrogenation of Alkenes and Alkynes 

Hydrogenation means addition of molecular hydrogen in alkenes and alkynes. As we 
know alkenes and alkynes are unsaturated compound, so they have the capacity to 
add up atoms in them. This reaction is carried out in the presence of nickel catalyst at 


H H 


H H H 


C* • C»*H 


!!*<• C>' • C * • C **JI 


H H 


H H II 
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250 °C to 300 "C. However* in the presence of catalyst platinum or palladium, the 
reaction takes place at room temperature, such as: 


Similarly, 



Ha 

Ni ^ 

H 3 C-CH: 

250-3 OO'C 

Ni ^ 


Ha 

H;,C=CH. 

HC^CH + 

250-3 00°C 


H 2 

Ni ^ 

HgC-CHa 

H2C=CHa + 

250-3()()“C^ 


12.1.1.2 Reduction of Alkyl Halides 

Reduction means addition of nascent hy’droffen. In fact, it is a replacentent of 
a halogen atom with a hydrogen atom. This reaction takes place in the presence of Zn 
metal and HCl. 


CHiBr + 2[H] 


CH, 


+ HBr 


CH.tCHsBr + 2[H] 


Zn/dil.HCI 

► 


CH 3 -CH 3 + HBr 


Physical Properties of Alkanes. 

(i) Alkane.s form a homologous series of compounds of first four 
members of the series are gases. The alkanes consisting of Cs to Cio 
are liquid.s while higher members of the series are solids. 

(iil They are nonpolar, therefore, they are in.soluble in water but soluble in 
organic solvents. 

(iii) The density of alkanes increases gradually with the increase of 
molecular size. 

(iv) The melting and boiling points of alkanes increase regularly with the 
increase of molecular sizes. This i.s because of increase of attractive 
forces between the molecules of alkanes. 

' v) The alkanes become more viscous as their molecular sizes increase. 

(vi> Alkanes become less flammable, i.e. more difficult to bum with the 
increase of molecular sizes. 

12.1.2 Chemical Reactions 

Alkanes are least reactive compounds being saturated hydrocarbons. 
However, they give reactions at high temperatures. Here we will discuss only two 
reactions of alkanes. 
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12 ,1,2.1 HoJngenation 

Alkanes give only suhstituUon reactions. A reaciion in which one or more 
hydrogen atoms of a saturated compound are replaced with some other atoms {like 
tmlogen) is called a suhstituUon reaction. These reactions are a characteristic 
propeny ol alkanes. Alkanes react fairly with halogens in diffused sunlight only In 
d^slter direct sunlight, reaction is explosive and carbon is 

CH. + 2 CN C + 4 HCI 

In diffused sunlight, a series of reactions take place and at each step one 
ydrogen atom IS substituted by halogen atoms, so that all the hydrogen atoms are 
substituted one by one by halogen atoms 


CH., + 

C12 

CII3CI + 

C12 

CH2C:i2 + 

C12 

CIIC13 + 

CH 


diffused 


sunlight 
sunlight ^ 

sunlight ^ 
■sunlight 


■*“ CH3CI + HCl 
Chloromcthane 
CH2CI2 + HCl 
l^ichloromethanc 
CHCI3 + HCl 

Trich 1 o roine than e 
(Chloroform) 

CCI4 + HCl 

Tetrachloromcthane 
(Carbon tetrachloride) 


I2.U.2 Comhiialion 

O'" ^’'ysen to produce a lot of 

enpin^^^" ^ automobile combusUon 

and appliances. It is highly exothermic reaction 

and because of it alkanes are used as fuel. 

2O2 CO3 + 2H2O + heat 

rarhon !ir '"complete combustion. As a result, 

carbon monoxide is produced that creates suffocation and causes death. 

3CH4 + 4O2 2 CO + C + 6H2O 

Use.s of .Methane and Ethane 

0 ) Natural gas that is chiefly methane is used as domestic fuel. 

(ii) Compressed natural gas (CNG) is used as automobile fuel. 
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^iii) These gases arc used in Lhc manufaelure of chemicals such as carbon 
black, methyl alcohol ethyl alcohol, chloroform, carbon tetrachloride, 
formaldehyde and acetaldehyde. 

These chemicals are used in daily life, such as carbon black is used in the 
manufacture of shoe polishes, printers ink and as a tiller in rubber industry. 

Chloroform is used as a solvent for nibber, waxes, etc., and tor anaesthesia. 

Carbon tetrachloride is used as an industrial solvent and in dry cleaning. 


Interesting Information 

. Poke around with a stick in the muddy hottom of a pond or marsti. 
You limy sec bubble), coming up oul of the mud. These bubbles ^ 
are the hydrocarbon ga.s methane, which is also called marsh gas . 
If you collect the gas in a jam jar you cun set fire to it. 

• Orchids produce alkanes to allract bees to pollinate ihetr flowers. 


12.2 ALKENES 

The simplest alkenc is ethene having formula C 2 H 4 . These compounds are also 
known as olefins (a Latin word meaning oil forming) because first members form 
oily products when react with halogens. 

A few alkenes with their molecular, condensed, structural and cross and dot 
formulae arc given in Table 12.1. 






your seif 


I. Which is the simplest aikane ? 
a. Give the structumi formulas: 
isopentane, and isobutane 

iti. Why the burning of alkanes require sufficient supply of oxygen ? 

IV. What do you mean by halogenation? Give the reaction of methane 
with chlonne in bright sunlight. 
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Table 12.1 Molecular, Condensed, Structural and Electronic Formulae of Alkencs 


Name 

Molecular 

formula 

Condensed 

formula 

Structural formula 

jg - 

Cross and dot 
formula 

(i) Ethylene 
or 

ethene 

OiH, 

HzC = CHa 


^■•c -c- ^ 

(ii) 

Propylene 

or 

propene 

CaHg 

H3C-HC = CHa 

H H 
1 1 

H 

H H 

! . H 

H •c**c! :c: 

’ H 

H 

(Hi) Butylene 
or 

butene 


H 3 C-H 2 C-HC=CHj 

H H H 

H-C-C-C = C:"^ 
If 
H H 

H H H 
• * “ H 

H *C- C- Cf .c: 

H H 

(iv) Pentene 

CsHto 

H3C-CH2-CH2CH=CHa 

. 

H H H H 

1111 

H-c-c-c-c = cC[; 

III 
H H H 

H'*C *C'*C'-Cr ;c: 

! ? ! 'H 

H H H 


Occurrence 


(i) Alkenes being more reactive than alkanes, seldom occur free in nature, 
fii) Lower aUtenes occur in coal gas in minute quantities. 

(iii) Ethylene is present in natural ga.s sometimes to the extent of 20%. 

{ i V) Alkenes are produced in large amounts by cracking of petroleum. 

12.2.1 Preparation of Alkenes 

Alkenes are prepared by the removal of small atoms (H,OH,X) from the 
adjacent carbon atoms of the saturated compounds, so as to create a double bond 
between carbon atoms, 

12.2.1. 1 Dehydration of Alcohols 

Dehydration is removal of water. Ethene is prepared by heating a mixture of 
ethanol and exces.s of concentrated sulphuric acid at ISOT. In first step, ethyl 
hydrogen sulphate is formed which decomposes on heating to produce ethene, which 
is collected over water. 

i80*r 

CHi-CHiOH + H1SO4 — --*► CH.i,CH2-0S03H + H2O 

^ heat 

CHi-CH20S03H ► H2C=CH2 + H2SO4 
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12.2.1^ Dehydrohalogcnation of Alkyl halides 

On heating, ethyl bromide with alcoholic KOH, ethene is formed. Removal of 
hydrogen and halogen lakes place from adjacent carbon atoms to create a double 
bond. 

HjC-CHz-Br + KOH,^,„h.i.ci > Il2C=CH2 + KBr + H.O 

» 

Physical Properties of Alkenes 

(i) The first member of the alkenes is ethene. Tt is a colourless gas with 
pleasant odour. 

(ii ) Alkenes are nonpolar, therefore, they are insoluble in water but soluble 
in organic solvents. 

(iii) The first member of the series ethene is slightly less dense than air. 

(iv) Alkenes are flammable hydrocarbons. On complete combustion, they 
form carbon dioxide and water with release of energy. However, their 
flame is smokier than alkanes having a similar number of carbon 
atoms. 

(v) Their melting and boiling points gradually increase with the increase 
of molecular sizes of the compounds in the series. 

12.2.2 Chemical Reactions 

Alkenes are reactive compounds because the electrons of the double bond are 
easily available for reaction. These compounds have the tendency to react readily by 
adding other atoms, to become saturated compounds. As a result, the double bond is 
converted into a single bond that is more stable. Thus, addition reactions are 
characteristic property of unsaturated compounds. These are the reactions in which 
the products are formed by the addition of some reagents like H2 , CI2 , etc., to an 
unsaturated organic compound. In the process, one of the bonds of a double bond 
gets broken and two new single bonds are formed. 

12.2.2.1 Hydrogenation of Alkenes 

Hydrogenation means addition of molecular hydrogen to an imsaturaled 
hydrocarbon in the presence of a catalyst (Ni, Pt) to form saturated compound. 

HjC^CHg + H 2 250-3 00®C ^ HsC-CHs 

On industrial scale, this reaction is used to convert vegetable oil into margarine 
{Banaspati ghee). 

Oil + Hi ►Margarine (Banaspati ghee) 
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12.2.2^ Halogens tioa of Alkcnes 

HalogenatioQ means addition of halogen like chlorine or bromine. 
Bromination of alkenes is very important reaction . When bromine water (a .solution 
of hroimne in water having red-brown colour) is added to ethene in an inert solvent 
like carbon tetrachloride, its colour i.s discharged at once, 

H.C=CH 2 + Bra ^ Br-CHs-CH^-Br 


.... reaction, double bond of ethene is converted into a single bond by the 

addiuon of a molecule of bromine. Tim reaction is med to identifv the unsaturation 
oj an organic compound. 


12.2.2.3 Hydroiialugenatioii of Alkenes 


Dry gaseous hydrogen halide.s (HI, HBr 
produce alkyl halides. 


and HCl) react with alkenes 


to 


H 2 C=CH 2 + HX 
H 2 C=CH 2 + HBr 


H 5 C-CH 2 X 

HC-CHjBr 


The order of reactivity of hydrogen halide.s is HI > HBr > HCl. 


12.2.2.4 Oxidation of Alkenes with KMn 04 

Alkenes decolourize the pink colour of acidified dilute solution of potassium 
permanganate because the double bond electrons react with M11O4' ion, which further 

(1.2-ethancdiol). Such as, there is 
addiuon of two hydroxyl group’ at the double bond. 


SCHg— CHg + 2KMn04 + 4 H 2 O ► SHgC — CH 2 + SMnOg + 2K0H 

OH OH 

This reaction is also used to test the unsaturation in an organic compound. 

Uses of Ethene (Ethylene) 

Ethene is used: 

(i) for artificial ripening of fruits; 

(ii) as a general anaesthetic; 

(tii) for manufacture of 
polythene. Polythene i.s a 
plastic material used in 
packaging, toys, bags, etc; 

(iv) as a starting material for the manufacture of a large number of 
compounds such as ethylene oxide, ethyl alcohol, ethylene glycol 
diethyl ether, etc.; ethylene oxide is used as a fumigant, ethylene 


Ripening bananas produce eihcne 
gas that makes thirls ripen fastly 
and lead to food spoilage. That 
is the reason, bananas are 
stored away from rest 
of the fruits. 
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glycol is used as an anti-freeze, diethyl ether and ethyl alcohol are used 
as solvents and 

(v) for making poisonous mustard gas which is used in chemical warfare. 





yourself 12.3 


i. Why are alkenes reacfiVe? 

ii. How can you prepare propene from propyl alcohol? 

iii. Give a test used to iden^fy t/nsaturah'on of an orgranfc 
compound. 

/V. Give a few uses of ethene. 


123 ALKYNES 

Tlic simplest alkyne is acetylene, with molecular formula C 2 H 2 . Alkynes are 
al.so called acetylenes because of the name of the first member of the series is 
acetylene. 

Molecular, condensed, structural and dot and cross formulae of a few alkynes 
are given in Table 12.2, 


Table 12.2 Molecular, Condensed, Structural and Electronic Formulae of 

Alkynes 


Name 

1 

formula 

Condensed 

formula 

Structural formula 

Cross and dot 
formula | 

(i) Acetylene 
(ethyne) 

C2H2 

X 

0 

III 

0 

X 

X 

1 

0 

111 

0 

1 

X 

H- *Cj *‘C •* H 

H 

¥ 

(ii) Methyl 

Acetylene 

(propyne) 

C3H4 

H3C -C 3 CH 

H-C-C = C--H 
1 

H 

H H 

X 

0 

X 

(iii) Dimethyl 
Acetylene 
(butyne) 

C4H0 

HaC-CsC-CHa 

H-C”C=C“C-H 
1 1 

H H 

H- -C*. CKO- C-»H 
? ■ 

< ■ 

H H 


Occurrence: Acetylene does nor occur free in nature. Traces of acetylene are 
present in coal gas (about 0.06%). 
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I2.3.J Prepuration of Alkynes 

Alkynes are prepared by the following methods. 

12J.I.1 UefaydrohalogcnatioD of Vicinal Dihalides 

When a vicinal dihalide is heated with alcoholic KOH, two hydrogen atoms 
along with two halogen atoms are removed from two adjacent carbon atoms with the 
lurmation of a triple bond between the adjacent carbons; 


Cl H 

H-C — C-H + 2KOH » HCsCH + 2KCI + 2H20 

^ (Ethyne) 


12.3.1.2. Dehalogeiialiun of Tctrahalides 

When alkyl telrahalides are healed with Zinc dust, the elimination of halogen 
atoms takes place to form ethyne. 

' Cl Cl 

H-C— C-H + HC=CH + SZnCb 

(Ethyne) 

Physical Propertie.s 

(i) Alkynes also form a scries of compounds. Its first member is acetylene. It 
is a colourless gas with faint garlic odour. 

(m) Acetylene is slightly soluble in water but soluble in organic solvents such 
as benzene, alcohol, acetone, ether, etc. 

Mil) Acetylene is slightly lighter than air. 

(iv) Alkynes are also flammable. They produce smokier flames than those of 
alkanes and alkencs. 

12.3.2 Chemical Reactions 


Alkynes are reactive compounds because of presence of a triple bond. A triple 
bond consists of two weak bonds and a strong bond. When alkynes react with other 
substan«s, two weak bonds are readily broken one by one and addition takes place 
easily. The addition reactions of alkynes resemble to those of alkenes. 


12.3.2.1 Addition of Halogen 

Chlorine and bromine adds to acetylene to form tctrachloroethane and 
tetrabromoethane, respectively. When bromine water is added to acetylene, red- 
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brown colour of bromine water is discharged rapidly due to formation of colourless 
tenabromoe thane. 


Br Br 

HCsCH + 2Br2 ► H-C— C-H 

I I 

Br Br 

Tetrabromortiutne 


This reaction is used to identify the imsaturation qfalkynes. 

'23.2.2 O.xidaliuQ with KMn 04 . 

Ethyne is oxidized by alkidine KM 11 O 4 . And four hydroxyl groups add to the 
triple bond, such as: 

OH OH 

3HC=CH + 4KMn04 + 8 H 2 O ►3H“C— C-H + 4MnOa + 4KOH 

OH OH 

This intermediate product eliminates water molecules to I'orm glyoxal, which 
is further oxidized to form oxalic acid. 


OH OH 
I I 

H-C— (j;-H 
OH OH 


-2H2O 

► 


0 O 

II II 

H-C-C-H 


Glyoxal 


rr.1 O O 

s [ 0 ] u 11 

> HO-C-C-OH 

KMn 04 Oxalic add 


Uses of Acetylene 

(i) Acetylene produces oxy-acetylene flame with oxygen. It is a highly 
exothermic reaction. Heat released is used for welding purposes. 

(tit Acetylene is used to prepare other chemicals, such as alcohols, 
acetaldehyde and acids. 

(iii ) It is ased for the ripening of fruits. 

(iv) It is used for the manufacturing "'f polymer products like polyvinyl 
chloride, polyvinyl acetate and synthetic rubber like neoprene. 

(V) It is polymerized to form benzene, which is used as raw material to 
form a variety of organic compounds. 
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yourself 12.4 


Hydrocarbons as Fuei 

The main constituents of fuels (coal, petroleum and natural gas) 
are hydrocarbons. When hydrocarbons are burnt in air the reaction is 
catied combustion. It is highly exothermic reaction, i.e. it produces a lot 
of heaf. The basic combustion reaction is 

CH4 -r O2 — ► CO2 -h 2H^ -h heat 

The heat energy thus produced is used to meet needs of energy in homes, 
transportation^ as well as in industries. 


1- 

m 

o 

o 

sc 


II) 

ENCE 


/. Why the alkynes are called acetylenes? 

a. How is tetrabromoethane prepared from 

acetylene? 

Hi. How can you prepare acetylene from 

tetrachloroethane? 

iv. What is the difference between glycol and 
glyoxal? 

V. Write the formula of oxalic acid. 



Hydrocarbons as Feed Stock In Indushy 

Hydrocarbons are not only used as fuel in automobiles or 
industries, they also act as raw materials in many industries. 

(I) Petrochemical Industry: 

The organic compounds prepared from hydrocarbons 
(petroleum and natural gas) are cafled petrochemicals. Some of the 
petrochemicals are, methyl alcohol, ethyl alcohol, formic acid, chloroform. 


important 

carbon tetrachloride, ethylene, butadiene, benzene, toluene, etc. 


(11) Plastic Industry 

ma^ef7a/s for the preparation of a large variety of 
tike polythene, polyester. These can be given any shape 
a durable article to be used in common life. For 
furniture Items (chair, table, 

stool) automobile parts, electnc and sewages items and a lot of other household Hems. 

(HI) Rubber Industry; 

Hydrocarbons are used to prepare synthetic rubber. Such as. acetylene is used to 

^au^^rnhh££'££^ for maWnff footwear, tyres and toys. SimHarly, a good 

quality rubber neoprene is prepared from chloroprene. ^ ^ 

f/Vj Synthetic fibre Industry: 

are used to prepare synthetic fibres like nylon, rayon, polyesters 

a^dtla^r^Hh 91 -eater strength, good elasticity, resistance^to wear 

and tear. So clothes made of synthetic fibr^ are tong lasting than that of natural fibres. 

(v) Synthetic detergents: 

^y^'-°^erbons obtained from petroleum are used to make synthetic 
argents and washing powder,. These detergents ere sodium S et 

detergents have better and stronger cleaning properties 
thBH thst of soapSe They can b& used even in hard water. 
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Hydrocaitjons are organic compounds of carbon and hydrogen elements. They are 
alkanes, alkenes and alkynes. 


Open chain hydrocarbons are classified as saturated and unsaturated. 

Saturated hydrocarbons consist of each carbon atom having its tetravaiency fully 
satisfied by single bonds. They are called alkanes and have general formula 

CnH2n+a. 


Unsaturated hydrocarbons consist of double and triple bonds. Compounds 
consisting of double bonds are called alkenes. They have general formula Cf,Hj>n. 
While compounds consisting of triple bond are called alkynes. They have general 
formula CnHjn.p. 

Alkanes are named with respect to number of carbon atoms ending with a suffix 
‘ane’. 

Alkanes are prepared by hydrogenation of alkenes or alkynes and reduction of 
alkyl halides. 

The Important reactions of alkanes are combustion and halogenation. Combustion 
of alkanes produce a lot of energy that is the reason alkanes are used as fuel. 
Alkenes are prepared by dehydration of alcohols and dehydrohalogenation of alkyl 
halides. 

Alkenes give important reactions like halogenation and oxidation. Oxidation of 
alkene produces Important compound, glycol. 

Alkynes are prepared by the dehydrohalogenation of vicinal dihalides and 
dehalogenation of tetrahaltdes. 


• Important reaction of acetylene Is oxidation that produces oxalic acid. 


SKILLS: 

Bolling point of alcohol 

The boiling point of an alcohol (ethyl alcohol) at normal atmospheric pressure can 
be determined by using a set up as shown in figure below. 



When alcohol 
is heated, temperature 
rises up until it reaches 
upto 78"C. From there 
onward, even the 
heating process goes 
on but the temperature 
remains constant. This 
is the boiling point of 
alcohol. It is to be 
noted that temperature 
does not change during 
the btiling process. 
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Straight 

chain 


Branched 

chain 


Aromatic 


Dehydrohalogenation 
of vicinal dihalides 


Oxidation 
CO2 & H2O 


Dehalogenation 
of tetrahalides 


Alkanes 


i>C HYDROCARBONS 


Alkynes 


Hydrogenation 


Hydrogenation 


Oxidation 
Glyoxals, 
Oxalic acid 


Alkenes 


Dehyda ration 
of alcohol 


Oxidation 
Ethene glycol 


Dehydrohalogenatior^ 


Halogenation 


Hydrohalogenation 


Reduction 


Alkyl Halides 


Halogenation 


Halogenation 


^ open chain 



f 1 

Closed chain 

J 
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EXERCISE 


J 


Multiple Choice Questions 
Put a (v^ )on the correct answer 

K Which one of these hydrocarbon molecules would have no effect on an 
aqueous solution of bromine? 


2. If an organic compound has 4 carbon atoms, all singly bonded, it will 
have the following characteristics except one 

a. it will be saluraled hydrocarbon. 

b. it will have y hydrogen atoms. 

c. its name will be n-biitane. 

d. it will be least reactive. 

3. The reduction of alkyl halides takes place in the presence of 


4. Halogcnation of methane does not produce which one of the following: 


5. Incomplete combustion of alkane.s produces 

a. carbon dioxide only 

b. carbon monoxide only 

c. carbon monoxide and carbon black 

d. carbon dioxide and carbon black 

6. Alkcnes are prepared from alcohols by a process called 

a. dehydrogenation b. dehalogenation 

c. dehydration d. dehydrohalogenation 

7. Dehydrohalogenation takes place in the presence of 

a. NaOH aqueous b. alcoholic KOI I 

c. aqueous KOH d. alcoholic NaOH 

S Oxidation of elhene with KMn 04 produces 
a. oxalic acid b. glyoxal 

c. ethane glycol d. propenc glycol 
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a. CH 4 
C. C2H4 



a. Zn/HCl 
c. Mg/HCl 


b. Na/HCl 
d. Cu/HCl 


a. carbon tetrachloride 
c. carbon black 


b. chloroform 
d. chloromethane 



98 


Chemistry X 


9- Which one of these is a saturated hydrocarbon? 

a. C2H4 b. C-fHfi 

C. C4H8 d. CsH,2 

to. A hydrocarbon has molecular formula CsH^. What is the molecular 
formula of the next member of the same homologous series? 
a. C^Hig b. C9l'l!g 

C.C*)H2o d. CyH|2 

1 1. What is the molecular formula for the eighth alkane member^ octane, 
which is found in petrol? 

a. CsHg b. QHtft 

c.CrHix d. CsHji. 

12. One of the hydrocarbons reacts with one mole of hydrogen to form a 
saturated hydrocarbon. What is the formula could be of the X? 

a. CjHti b. CftH), 

c. C+Hjli d. C7II16 

13. Dehydration of alcohols can be carried out with: 

a. NaOH b. KOH 

1:112504 d. HCl 


14. Tlie end product of oxidation of acetylene is; 

a. oxalic acid b. glycol 

c. glyoxal d. none of these 

15. Dehaiogenation of tetrahalides produces acetylene. T his reaction lakes 
place in the presence of : 

a. sodium metal b. zinc metal 

c. magnesium metal d. potassium metal 

16. Substitution reaction is the characteristics of; 

a. allcancs b. alkenes 

c. alkynes d. none of these 

17. Halugenation of methane in the presence of diiTused sunlight takes place: 

a, suddenly, only in one step b. slowly in one step 

c. in a scries of four steps d. fastly in two steps 
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18 . Which one of the folloviings is a substitutiou reaction? 

a. halogenation of alkynes b, halogenatioo of alkcncs 

c. halogenation of alkanes d. bromi nation of alkenes 


19. The order of rtaetivity of hydrogen halides with alkenes is 


a. Hi > HBr 
c. HCl > HBr 


b. MBr>HI 
d.HBr<IICl 


20. Oxidation of alkenes produce 
a, glyuxal 
c. oxalic acid 


b. glycol 
d. formic acid 


Short Questions 

1 . Differentiate between saturated and unsaturated hydrocarbons. 

2. A compound consisting of four carbon atoms has a triple bond in it. How 
many hydrogen atoms are present in it? 

3. Why arc the iilkanes called ‘paraffin.s'7 

4. What do you know about hydrogenation of alkenes? 

5. How are alkyl halides reduced? 

6. Why are the alkanes used as fuel? 

7. How can you prepaic cthenc from alcohol and ethyl bromide? 

8. Identify propane from propene with a chemical test. 

9. Why arc the alkenes called ‘olefins'? 

10. Why alkane can’t be oxidized with KMn 04 solution? 

1 1 . What are the addition reactions? Explain with an example. 

12. Justify that alkanes give substitution reactions. 

13. Both alkenes and alkynes are unsaturated hydrocarbons. State the one most 
significant difference between them. 

14. Write the molecular, dot and cross and structural formule of ethyne. 

15. Why hydrocarbons arc soluble in organic solvents? 

16. Give the physical properties of alkanes. 

1 7. How can you identify ethane from ethene? 

18. Why colour of bromine water discharges on addition of ethene in it? 

19. State one important use of each: 

(i) Ethene (ii) Acetylene 

(iii) Cliioroform fiv) Carbon tetrachloride 
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Esteiisive Questions 

1. What type of reactions are given by alkanes? Explain with reference to 
halogenations of alkanes, 

2. Alkanes are a source of heat. Explain it. 

3. Prepare the following as directed: 

a. Lihane from ethene; 

b. acetylene from letrahalide; 

c. carbon tetracholridc from methane: 

d. ethylene glycol from ethene; 

e. 1,2-dibroinoethane from ethene and 

f. glyoxal from acetylene 

4. Explain the oxidation of acetylene. 

5. Write balanced chemical equations for the following reactions. Also name the 
products that formed. 

(t) A mixture of eihyne and hydrogen is pa.ssed over heated nickel 

(ii) Ethyne is treated with chlorine 

(iii) Ethyne is burnt in air 

(iv) Ethyne is passed through bromine water 

6. Explain briefly: 

(i) Why butane undergoes .substitution reactions? 

(ii) There are milli ons of organic compounds. 

(iii) Acetylene undergoe.s addition reactions in two stages. 

(iv) Alkynes are more reactive than alkanes. 
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‘u Learning Outcomes 
Students will he able to: 


. distinguish between mono-, di-and trisaccharides. (Understanding); 

^ describe the bonding in a protein. (Understanding); 

explain the sources and uses of carbohydrates, proteins and lipids. 

(Understanding); 

' differentiate between fats and oils. (Applying); 

: describe the importance of nucleic acids. (Understanding) and 

define and explain vitamins and their importance. (Understanding). 

Biochemistry is a field that has a great importance today. It deals with the 
naturally occurring macromolecules such as carbohydrates, proteins, lipids, nucleic 
acids and vitamins. These macromolecules are synthesized by living organisms from 
simple molecules present in the environment. Macromolecules arc essential for us a.s 
they are reservoirs of energy. For example, carbohydrates we eat, provide us energy. 
Lipids are major source of energy. They are stored in the body to provide emergency 
energy supplies. They help us to work during tough times. Proteins not only provide 
us energy, they help us stay strong by forming new hones and muscular tissues. 
Moreover, proteins protect us again.st the diseases. Nucleic acids are responsible for 
transmitting genetic information from generation to generation. 

101 
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13.1 CARBOHYDRATES 

Carbohydrates are macromolecules defined as polyhydroxy aldehydes or 
ketones. They have general formula C„(H 20 )„. 

Carbohydrates are synthesized by plants through photosynthesis process from 
carbon dioxide and water in the presence of sunlight and green pigment chlorophyll. 

sunlight 

6CO2 + 6H2O ^ C6H72O0 + 60 '> 

chlorophyll 

The glucose is further polymerized to form starch and cellulose. 

Carbohydrates are classified as 

i. Monosaccharides 

ii. Oligosaccharides 

iii. Polysaccharides 

13.1.1 Munosuccharidcs 


Moiiosacchandes are the simplest sugars which cannot be h\droly 7 .ed. They 
consist ol 3 to 9 carbon atoms. Thcrelore, they are classified according to the number 
of carbon atoms in their molecules as trioses, teiroses, pentoses, hexoses, and so on. 
The important monosaccharide.s arc hexoses like glucose and fructose, etc. Glucose is 
a pentahydroxy aldehyde while fructose is peniahydroxy ketone having the open 
chain structures as follows and general formula Cf,H[ 706 . 


CHO 

H-C-OH 

HO“C-H 

h-c-oh 

H-C-OH 


CH2OH 


Glucose 


CHgOH 
6 = 0 
HO-C-H 
H-C-OH 
H-C-OH 
CHgOH 

Fructose 


Monosaccharides are white crystalline solids. They are soluble in water and 
have sweet taste. They cannot be hydrolyzed. They are reducing in nature, therefore, 
these are called reducing sugars, 

13.1.3 Oligosaccharlde.s 

Oligosaccharides give 2 to 9 units of monosaccharides on hydrolysis. 
Therefore, they arc classified as di.saccharides, trisaccharides, tetrasaccharides, etc., 
depending upon the number of units they produce on hydrolysis. The most important 
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oligosaccharides are disaccharides like sucrose. On hydrolysis, sucrose produces one 
unit of glucose and one unit of fructose. 

H 2 O ^ C5Hj206 + CgHi20g 

sucrose glucose fructose 

These carbohydrates are white, crystalline solids easily soluble in water. They 
are also sweet in taste. They may be reducing or non- reducing. 

13.1 J Poly.saccharides 

Polysaccharides are macromolecular carbohydrates consisting of hundreds to 
thousands of monosaccharides. Examples of polysaccharides are starch and cellulose. 
They are amorphous solids. They are tasteless and insoluble in water. They arc non 
reducing in nature. 

13.1.4 Sources and Uses of Carbohydrates 

Carbohydrates range from simple to complex ones. They have varied sources 
and uses. Sources of simple sugars e.g. glucose, fructose and galactose are Ihiils, 
vegetables, honey and cereals. 

Disaccharidcs arc sucrose, lactose and maltose. Sucrose is found in sugar 
beet, sugar cane and fruits. 

Lactose consisting of glucose and galactose is the main sugar in milk and 
dairy products. 

Maltose, a disaccharide of two glucose molecules is found in cereals. 

Polysaccharides are starch and cellulose. Starch is found in cereal crops; 
wheat, barley, maize, rice, etc. Cotton is pure cellulose. 

Our body uses carbohydrates in the form of glucose. Glucose is the only form 
of carbohydrates that is used directly by muscles for energy. It is Important to note 
that brain needs glucose as an energy source, because it cannot use fat for this 
purpose. 

Besides, the energy providing materials, carbohydrates also provide the 
following usage to our body. 

ti) They regulate the amount of sugar level in our body. Low sugar level in body 
results in hypoglycemia. 

(ii) They provide essential nutrients for bacteria in intestinal tract that helps in 
digestion. 

(iii) Dietary fibre helps to keep the bowel functioning properly. 

(iv) Fibre helps in lowering of cholesterol level and regulates blood pressure. 

(v) Carbohydrates protect our muscles from cramping. 
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Carbohydrates as source of energy: 

Carbohydrates provide 17 kilojoules of energy per gram. We take 
carbohydrates as food. Long chains of starch (catbohydrates) are broken 
down into simpie sugars (glucose) by digestive enzymes. The glucose is 
absorbed directly by small Intestine into the blood stream. Blood stream 
transports the glucose to its place of use, e.g., muscles. 




, 59 °' 






Used as'\ 
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Food containing 
carbohydrates 


Break 
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Sugar Converted to glycogen 
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Fig. 13.1 Showing carbohydrates as a source of energy 
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yourself 13,1 


i. Define carbohydrates. 

a. Give the characteristics of disacchahdes. 

HI. Give the balanced equation for the formation of 
glucose. 

Iv. Draw the structure of glucose. 

V. Give the balanced equation for the hydrolysis of 
sucrose. 


The use of dextrose in drips: 

Dextrose is crystallized glucose (natural sugar found in starchy foods). It 
provides simple carbohydrates to the body that can be easily broken down 
and processed. Dextrose solution is available in several concentrations. 
For example, five percent dextrose solution (D5W) consists of 5 grams of 
dextrose in each 100 mL of solution. It is used to provide fluid rep/acemenf and energy to the 
body, it contains approximately 170 calories of energy, but does not contain electrolytes. 
Therefore, electrolytes are added according to requirements in solution. Dextrose is given to 
patients directly into vein called Intravenous (IV) therapy. It is commonly called drip system. It 
is the fastest way to deliver fluids, electrolytes and medications throughout the body. It 
prevents air entering into blood stream. 

13^ PROTEIN 






SCIENCE 


O 


Proteins are highly complicated nitrogenous compounds made up of amino 
acids. Proteins consist of carbon, hydrogen, oxygen, nitrogen and sulphur. They are 
polymers of amino acids. Ajtiino acids are linked with each other through peptide 

linkage (~c-nh — ). Protein has more than 10,000 amino acids. All proteins yield 
amino acids upon hydrolysis. 
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Proteins are present in all living organisms. They make up bulk of the non- 
bony structure of the animal bodies. Tliey are major component of all cells and tissues 
of animals. About 50% of the dry weight of cell is made up of proteins. They are 
found in muscles, skin, hair, nails, wool, feathers, etc. 

Amino acids 

Amino acids arc organic compounds consisting of both amino and carboxyl 
groups. They have the general formula; 


(side chain) p_q(,^_qooh (carboxylic group) 

I 

NHg (amino group) 

Side chain ‘R* is different for different amino acids. There are 20 amino acids. 


Ten out of twenty amino acids can be synthesized by human body. These 
amino acids arc called non-essentieil amino acids. While the other ten which cannot 
be synthesized by our bodies are called essential amino acids. Essential amino acids 
are required by our bodies and must be supplied through diet. 

13.2.1 Amino acids are Building Blocks of Proteins: 

Two amino acids link through peptide linkage. Peptide linkage (bond) is 
formed by the elimination of water molecule between the amino group of one amino 
acid and carboxyl acid group of another, such as: 


H2N-CH-COOH + 

A 


HNH-CH-COOH 

A 


- H;0 


H?N-- 


O 
II 

CH-C — NH t CH-COOH 
I 

R 


(Dehydration) Peptide linkage 

When thousands of amino acids polymerize they form protein. 
13.2.2 Sources and Uses of Proteins; 


Proteins make up more than 50% of the dry weight of animals. Each protein 
has its source and carries out a specific function. Sources and uses of protein are as 
follows: 

(i) Sources of animal’s proteins arc meal, mutton, chicken, fish, eggs. These are 
used as food by human beings as they are essential for the formation of 
protoplasm. 

(ii) Enzymes are proteins that are produced by the living cells. They catalyze the 
chemical reactions taking place in the bodies. They are highly specific and 

have extraordinary efficiency. Many enzymes are used as drugs. They control 
the bleeding and treat blood cancer. 

(iii) Hides are proteins. These are used to make leather by tanning. Leather is used 
to make shoes, jackets, sports items, etc. 
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(iv) Proteins are found in bones. When bones me heated they give gelatin. Gelatin 
i.s used to make bakery items. 

(V) Plants also synthesize proteins, such as pulses, beans, etc. 'Fhese are iLsed as 
food. 



yourself 13.2 


i. Which elements are found in proteins? 

//. How amino acids are bonded with each other? 

Hi. Give the general formula of amino acid. 

iv. What do you mean by non-essential amino acids? 

" ^ 


13J LIPIDS 

Lipids are macrnmolecules made up of fatty acids. Lipids include oils and 
rats. Oils and fat.s are esters of long chain cai'boxylic (laity) acids with glycerol, ’Fbese 
esters are made of three fatty acids, therefore, they are called triglycerides. General 
formula ol triglycerides is as under. 


O 

H2C-O-C-R 

I O 

I II 

HC-O-C-R 

o 

I II 

HjC-O-C-R 

Oils exist m liquid form at room temperature. They are trielyccrides of 
unsaturated fatty acids. While fats exist in solid form at room temperature. They arc 
tngiycendes of .saturated fatty acids. 


13.3.1 Fatty Acids 


Fatty acids are building blocks of lipids. They 
unsaturaled carboxylic acids. Examples are: 


are long chain saturated or 


CisHiiCOOH Palmitic acid 

C 17 H 15 COOH Stearic acid 


acids ^*^*^^*^ glycerol in the presence of mineral 

13J.2 .Sources uiiu l ses of Lipid.s 

Fats and oils are high energy foods. They are source of vitamins A. D and E 
They are used to build brain ceUs, nerve cells and cell membranes. They are insoluble 
in water but soluble in organic solvents. The fats stored in the body insulate it as they 
are poor conductor of heat and electriciiy. 
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Fats and oils are synthesized naturally by animals, plants and marine 
organisms. 

(i) Animal fats are found in adipose tissue cells. Animals secrete milk 
from which butter and ghee is obtained. Butter and ghcc are used for 
cooking and frying of food, for preparing bakery products and sweets. 

(ii) Animal fats are used in soap industry. 

(iii) Plants syntlicsi/e oils and store them in seeds, such as sunBower oil, 
coconut oil, groundnut oil find com oil. These oils are used as 
vegetable oils or ghee for cooking and other purposes. 

(iv) Marine aninials like salmon and whales are also source of oils. These 
oils are used as medicines, e.g. cod liver oil. 



yourself 13.3 


i. What is difference between ghee and oil? 
a. Give the characteristics of fats. 

iii. Give the sources and uses of animal fats. 

iv. Plants are source of oils, justify. 






o 

s 

o 

V 


SCIENCE 


Hydrogenation of vegetable oil: 

Vegetable oils are triester of gfycerol and fatty adds of 
unsaturated long chains. These oils are hydrogenated in the presence 
of nickel catalyst at 250 to 300 ‘'C to form vegetable ghee. 


vugclablc oil 4 
Uin^iaiunued triesier) 


Hj 


Ni 

250 “C 


vegetable ghee 
(saturated triuslcr) 



Margarine i.s produced by adding 
hydrogen to vegetable oil at 200 “C ^ 
in the presence of catalyst. Greater the 
amount of hydrogen added, the more 
solid the margarine becomes. 



Rancid butter has a fouf smell — 
because of butanoic acid. i-Iowever,^ 
the esters of butanoic acid liave fruity 
smell. For example, methyl butanoate 
smells like apples and ethyl butanoate 
ysmells like pineapple. 
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13.4 NUCLEIC ACIDS 

Nucleic acids are essential components of every living cell. They are generally 
long chain molecules made up of nucleotides. Each nucleotide consists of three 
components; nitrogenous base, a pentose sugar and a phosphate group. 

There are two types of nucleic acids; 

13.4.1 Deoxyribonucleic Acid (DNA) 

DNA consists of deoxyribose sugar. Its .structure was di.scovered by J. Watson 
and F. Crick in 1953. It is long double stianded molecule consisting of two chains. 
Each chain is made up of sugar, phosphate and a base. The sugar and phosphate 
groups make the backbone of the chains and two chain.s are linked through bases. The 
chains are wrapped around each other in a double helix form as shown in figure 13.2. 



Fig. \ 3.2 ON A Structure 

DNA is the permanent .storage place fur genetic information in the nucleus of 
a cell. It carries and stores all genetic informations of the cell. Tt passes these 
information.s as Laslruetions from generation to generation how to synthesize 
particular proteins from amino acids. These instructions are ‘genetic code of life’. 
They determine whether an organism is a man or a tree or a donkey and whether a 
ceil is a nerve ceil or a muscle cell. 

The sequence of nitrogenous bases in DNA determines the protein 
development in new cells. The function of the double helix formation of DNA is to 
ensure that no disorder takes place. DNA carries genes that controls the synthesis of 
RNA. Errors ititroduced into the genes synthesize faulty RNA. It synthesizes faulty 
proteins that do not function the way they arc supposed to. This disorder causes 
genetic diseases. 
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13.4,2 Ribonucleic acid (RNA) 

It consists of ribose sugar. It is a 
single stranded molecule. It is responsible 
for putting the genetic information to 
work in the cell to build proteins. Its role 
is like a messenger, 

RNA is synthesized by DNA to 
transmit the genetic information. RNA 
receives, reads, decodes and uses the 
given information to synthesize new 
proteins. Thus RNA is responsible for 
directing the synthesis of new proteins. 



DNA or interfering with the 
mechanism of its replication or 
passing infonnalions. So, by 
understanding the mechanism of 
action of DNA, cancer can be cured. 


V 


y 



133 VITAMINS 

In 1912 Hopkins noticed that in addition to carbohydrates, proteins and fats 
there are other substances needed for normal growth. Although these substances were 
needed in small t|Liantity, yet these substances were called Accessory Growth Factors. 
Later Funk proposed the name 'Vitamin' for these substances. He discovered Vitamin 
B| rriuamin). 

13,5.1 T\pe.s of Vitamias 

Vitamins arc divided into two types: 

(i) Fat Soluble Vitainin.s 

The vitamins which dissolve in fats are called fat soluble vitamins. These are 
vitamin A, D, E and K. If these vitamins are Uikcn in large qiiaiitity, they accumulate 
in the body and cause diseases. For example, accumulation of vitamin D in the body 
causes bone-pain and bone-like deposits in the V <iuey. However, their deficiency also 

causes diseases. Sources, uses and diseases becau.se of deficiency are provided in the 
Table 13.1. 
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Table 13.1; Sources, uses and diseases due to deficiency of some fat soluble vitamins. 


No. 

Vitamin 

Sources 

Uses 

Diseases 

1 

Vitamin A 

Dairy products, eggs, oils 
and fats. fish. It can also 
be obtained from the beta- 
carotene found in green 
vegetables, carrots and 
liver. 

Maintains the health 
of the epithelium 
and acts on the 
retina's dark 
adaptation 
mechanism. 

Night blindness, 
eye inflammation. 

ii 

Vitamin D 

Fish liver, dairy products, 
oils and fats. Vitamin D is 
formed in the skin when it 
is exposed to sunlight. 

Has a role In the 
absorption of 
calcium, which is 
essential for the 
maintenance of 
healthy bones. 

Rickets 


(ii) Water Soluble Vitamins 

The viiamins that dissolve in water are called water soluble vitamins. These 
vitamins are B complex (this include 10 vitamins) and vitamin C (ascorbic acid). 
Water soluble vitamins are rapidly excreted from the body. Hcncc, these vitamins are 
not toxic even if taken in large quantity. However, their deficiency causes disease. 

13-5.2 Importance of Vitamins 

(i) Hach vitamin plays an important role in the healthy development of our body. 

(ii) Natural vitamins are organic food substances found only in plants and 
animals. Our body is unable to synthe.size vitamins. Because of this, they must 
be supplied either directly in the diet or by way of dietary supplements. They 
are absolutely necessary for our iioniial growth. 

(iii) Vitamins cannot be a.ssimilated without ingesting food. This is why, it is 
suggested thai vitamin.s must be taken with meal. They help to regulate our 
body'.s metabolism. 





ynurseif 13.4 


I. Whai are the disadvantages of fats soluble vitamins? 

ii. What are advantages of water soluble vitamins? 

iii. Give examples of fats soluble vitamins. 

iv. What are the components of nucleotide? 

V. What is the function of DMA? 

vi. Why RNA is called a messenger? 
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Commercial uses of enzyrms. 

Enzymes are used on commercial scale for different pu^oses. 
Common types of enzymes and their role in Industry ts described as: 

(i) Enzymes present in the yeast are commercially used for the 
fermentation of molasses and starch to produce alcohol (Ethanol}.Jhese 
enzymes are diastase, invertase and zymase. 

(ii) Microbial enzymes are used in detergents (powder or iiquid). Upases decompose 
fats into more water soluble compounds. Amylase removes starch based stains. 
Cetiulase degrades cellulose to glucose, a water soluble compound. Bacterial 
proteases break down protein stains on the clothes. Thus, enzymes containing 
detergents clean effectively and remove all stains and dirt. 

(Hi) Enzymes are used for the purification of fruit juices. They are added to fruit that has 
been crushed like grapes. This increases the yield of the juice extracted by removing 
suspended particles. It also improves the colour derived from the fruit skins. 

(iv) Amylase enzymes are used in bread making because they can yield more starch of 
the flour. Even they are efficient enough to convert starch to sweet glucose syrup. 
This can be used as sweetner in the food as well as bread making. 

(v) Lactase enzyme is used to increase sweetness in ice cream, ,4 s lactose in milk is 
broken down to galactose and glucose, which are sweeter than lactose. 

(vi) In the dairy industry some enzymes are used for the production of cheeses, yogurt 
and other dairy products while others are used to improve texture or flavours of the 
products. 



Key Points 


Carbohydrates are polyhydroxy aldehydes or ketones. They are classified as 
monosaccharides, oligosacchandes and polysaccharides. 

Monosaccharides are unhydrolyzable consisting of 3 to 9 carbon atoms. They are I 
sweet, crystalline solids soluble in water. 

Oligosacctiandes hydrolyze to give 2 to 9 units of monosaccharides. They are also 
sweet, crystalline solids soluble In water. 

Polysaccharides consist of hundreds to thousands of monosaccharides. They are 
tasteless, amorphous solids insoluble in water. 


Caitohydrates are naturally synthesized macromolecules. They are found in fruits, 
vegetables, cereal foods and milk. 

Carbohydrates are main source of energy. 
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Proteins are nitrogenous compounds made up of amino acids. Thousands of 
amino acids are bonded through peptide linkage to form proteins. 

Sources of animai proteins are meat, butter, chicken, lish and eggs. 

Proteins are used by human beings as they are esseritiai to form protoplasm. 

Lipids are macromoiecules made up of fatty acids. They are oils and fats. 

Fatly acids are long chain saturated or unsatu rated carboxylic acids. 

Lipids are high energy compounds. They are synthesized naturally by animals, 
plants and microorganisms. 

• Nucleic acids are long chain molecuies made up of nucleotides. 

Deoxyribonucleic acid (DNA) is a long double stranded molecule and 
is responsible for transmitting genetic information to next generations. 

Ribonucleic acid (RNA) is a single stranded molecule. It is responsible for 
formation of proteins. 

Vitamins are necessary growth factors, They are divided into two types: 

Fat soluble {A, D. E and K) and water soluble vitamins (B complex and vitamin C). 
Vitamins play a significant rote for proper growth and development of our body. 

SKILLS 

Solubility of starch diid sugar solubility of starch and sugar in water can be 
checked in laboratory as well as at home. Starch is insoluble in water while sugar is soluble 
in water forming a clear solution in water. 

Denaturing of Protein 

Denaturing of protein means precipitation or coagulation of protein. It can be 
carried out by heating or changing pH. A simple common method for denaturing of protein 
Is boiling of an egg. White viscous fluid (albumen) present In an egg Is protein. When egg 
is boiled for a few minutes, albumen coagulates i.e.. solidifies. 
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CARBOHYDRATES 


►“C 


uses 


honey 

fnjits 

vegaiables 

cereats 

fruits 

sugar cane 
sugar beet 
dairy product 
cereals 



cereals 

crops 



Monosaccharides 
glucose, fructose, 
galactose. 


Oligosaccharides 
sucrose, lactose, 
maltose. 

Polysaccharides 

starch, cellulose. 


• mainly as energy source 

• regulate sugar level 

• helps in digestion 

• lower cholesterol level 

• protect from cramping 


y 



• Animals 

meal, mutton, fish, 
chicken, eggs 

• Plants 

pulses and beans 


PROTEINS 


made up of 
thousands of 
amino adds 
through 

peptide linkage 

uses 


uses 



• form protoplasm 

• enzy mes as catalyst 

• hides - leather industry 

• gelatin - bakery items 

« pulses and beans - food 





found in 

every 

cell 



Vitamins 
accessory growth 
factors 


' ^ 

• Animals 

butter, ghee 

• Plants 
oils 

J 





(^PIDS^ 

( . T> 

esters of 
fatty adds 
^with glycerol ^ 


* high energy foods 

■ as a food, oil and ghee 

* soap industries 

* medidnes 

^ — / 


Store and pass genetic 
informations to next 
generations 




s 

• fat soluble 


• water soluble 

A, C, D & K 


B complex 

^ j 


&C, 
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Multiple Choice Questions 
Put a iV )on the correct answer 

1. Carbohydrates are synthesized by plants through photosynthesis process 
which requires the following except: 

a. COi and water b. presence of siitiiiglit 

c. O 2 d. chlfiropliyll 

2. Which of the following is a disaccharide? 

h. fructose 
d. sutrch 


a. glucose 


c. sucrose 

3. Photosynthesis process produces 

a. starch b. celiuluse 

c. sucrose d. glucose 

4. Which one of the following is tasteless? 

a. starch b. glucose 

c. fructose d. sucrose 

5. When glucose and fructose combine they produce* 

a. starch b. cellulose 

c. sucrose d. none of these 

6. Glucose is: 

a. hexahydroxy aldehyde b hexahydroxy ketone 

c. pentahydroxy aldehyde d. pentaiiydroxy ketone 

7. Thousand of the amino acid polymerize to form 

a. caibohydrates h. proteins 

c. lipids d. vitamins 

8. Which one of followings is a triglyceride? 

a. carbohydrates b. proteins 

c. Hpids d. vitamins 

y. Enzymes are proteins which Have the following properties except: 
a, they catalyze reaction b. they arc highly non-specific 

c. they are highly elTicienl d. they are produced by living cells 

10. Which one of the following vitamins is water soluble? 
a. vitamin A b, vitamin C 

c. vitamin D d. vitamin E 
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1 1. Which one of the following is a fat soluble vitamin? 

a. A b. E 

c. K d. All of these 

12. Which one of the following is not the characteristics of monosaccharide? 

a. while cryslallinc solids b. soluble in w'ater 

e. hydrolysublc d. reducing in nature 

13. Which one of the following statements about glucose and sucrose is 
incorrect? 

a. soluble in water b. naturally occurring 

c. carbohydrates d. di saccharides 

14. Which one of the following is a reducing sugar? 

a. glucose b. maltose 

c. sucrose d. starch 

15. I'hc most important oligosaccharide is: 

a. sucrose b. glucose 

c. fructose d. maltose 

16. Night blindness is because of deficiency of: 

a. vitamin A h. vitamin E 

c. vitamin C d. vitamin I) 

17. 't he organic compounds used as drugs to control bleeding are: 


a. vitamins 
c. lipids 

18. Deficiency of Vitamin E causes 
a. rickets 

c. anemia in babies 


b. proteins 
d. glycerides 

b. scurvy 
d. nisht blindness 


19. Lipids are macromolecules. They have characteristics except one of the 
following: 

a. they are high energy fot)ds b. they are soluble in water 

c. they are poor conductor of heat d. they are esters of fatty acids 

20. ViUunins are Accessory Growth Factors. They play important rule in our 
body like: 

a. provide energy to the Ixidy 

b. insulate our body from electric shock 

c. build brain cells 

d. regulate metabolic process 
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1. How Plants synthesize carbohydrates? 

2. Give the characteristics of monosaccharides, 

3. What is difference between glucose and fructose? 

4. Give an example of a dii^accharide. How it is hydrolyzed into 
monusaceharidcs? 

5. Give ihe characteriMics of polysaccharides, 

6. Where arc the proteins found? 

7. Describe the uses of carbohydrates. 

8. Lactose is disaccharide; wliich monosaccharide arc present in it? 

9. Why the ten ainiiiu acids are essential tor us? 

10. How are proteins formed? 
i 1 ■ How is gelatin obtained? 

12. Give the general formula of the lipids. 

13. Name two fatty acids with their formulae, 

14. Give the types of vitamins. 

15. WTiat is the significance of vitamins? 

1 6. Describe tlie sources and u.ses of vitamin A. 

17. Jusuly water soluble vitamins are not injurious to health. 

18. What do you mean by genetic code of life? 

19. What is the function of DNA? 

20. How you justify RN A works like a me.ssengcr? 


Long Answer Questions 

‘ ar. prepared? Give ,l,eir 

• 2. Explain oligosaccharides. 

3. What are polysaccharides? Give their properties. 

4. Explain the sources and uses of proteins. 

5 . Explain that amino acids are building blocks ofprotein,s. 

6. Explain the sources and uses of lipids. 

7. Give the importance of vitamins. 

8. Describe the sources, uses and deficiency symptoms of water soluble vitamins. 
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Students Learning Outenmes 

Students will be able to; 

• dclltie atmosphere. (Remembering); 

• explain composition of atmosphere. (Understanding); 

• differentiate between stratosphere and troposphere. (Analyzing); 

• summarize the compounds of strato.sphere and troposphere. 
(Understanding); 

• describe major air poliutanLs,(Underetanding); 

• describe sources and effects of air pollutants. (Understanding); 

• explain ozone formation. (Understanding); 

• describe acid rain and its effects (Understanding); 

• describe ozone depletion and its effects. (Understanding); 

• describe global warming. (Undenstanding). 

Introduction 

Our planet the Eanh has four naiuial systems: lithosphere, hydrosphere, 
atmo.sphere and biosphere, Tlie knowledge and understanding of these systems is 
necessary for us to Vive on the Earth. 
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In this chapter, we will focus only on amiospliere. The study of composition 
of atmosphere provides us the knowledge about significance of gases present in the 
atmosphere. Atmosphere is divided into four regions. Each region has its natural 
characteristics. But human activities are disturbing the natural system. Becau.se of 
these activities our atmosphere is gradually changing. The effects of these changes 
will he discussed in this chapter. A lot of efforts tire being made worldwide to control 
the negative effects of ptdluiion. 

14.1 COMPOSITION OP ATMOSPHIlRE 

Atnwsp/wre h the envelope uf dijferem gases oroimd the tianh. It extends 
continuously from the Earth’s surlace outward-s without any houndiiry. .About 99% of 
armospiicric mass lies within 30 kilometres of the .surface and 75% lies within the 
lowest I j kilometres. 

Percentage composition of atmosphere by volume is shown in Table 14.1. 


Table 14.1 Coin|>o.silion of dry air 


Gas 

% by Vtilume 

Nitrogen 

78.09^ 

Oxygen 

20.94 

Argon 

0.9.3 

Carbon diuxide 

0.03 ~ 


T * Sunlight has short wavelength radiations, 

• Solar energy absorbed by the Earth surges is transformed into heat 
onorgy which is of longer wevefength. 

Di} you know * On the average there is total 32% reflection of light: 6% being 
reflected from the Earth’s surface and 26% being reflected back into 

space because of clouds, gases and dust particles in the 
atmosphere. 

• 18% of sunlight is absorbed by atmospheric gases. ^ 

* The remain irtg 50% reaches upto the Earth and is absorbed by it 
This energy is radiated as heat energy of longer wavelength which ' 
fs absorbed by water vapours and CO 2 in atmosphere. i 

14.2 LAYERS OP ATMOSPHERE 

Atmosphere consists of four spheres ( layers) extending from the surface of the 
barth upwards. The concentration of the component gases dccrea.ses gradually 
upwards, that results in gradual decrease of pressure. But temperature of the 
atmosphere does not change in a gradual way. It varies in a complc;t way as shown in 
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hgure 14.1. Depending upon rhe temperaiure Viirialion, aunosphere is divided into 
four regions. Temperanirc decreases from I TC to -58T regularly in the lowest 
layer extending tiptu 12 km. This layer of atmosphere is called troposphere. Above 
this layer lies the stratosphere that extends upto 50 km. In this layer temperature rises 
upto 2®C . Beyond the stratosphere lies the mesosphere, covering upto 8.5 km. In 
this region ag^n temperature decrea.ses down to -9.3 '’C. Beyond 85 kin lies the 
thermosphere, in which temperature goes on increasing upwards. 
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Fig. 14.1 Different sphere.s of atmosphere. 
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Characteristics of the four regions of the aitnospheic are proviileit in the 
Table 14J. 

Table 14,2 Characteristics of Atmospheric Regions 


Name of region 

Height above the Earth's 
Surface 

Temperature range and 
trend 

Troposphere 

0 — 12 km 

17®C 58“C (decreases) 

Stratosphere 

12 — 50 km 

-58®C — 2'“C (mcieases) 

Mesosphere 

50 — 85 km 

2°C — -93°C (decreases) 

! Thermosphere 

85—120 km 

> -93 '’C (increa.ses) 


We will discuss the reasons of variations of temperature and other 
phenomenon in troposphere and stratosphere in detail. 

14.2.1 Troposphere 

t he major coiisiiuiciits of troposphere are nitrogen and oxygen ga.ses. These 
two gases etunprise 49 Cf by volume of the Earth's atmosphere, 

Although concentriition of carbon dioxide and water vapours is negligible in 
aimosplicrc. set they play a significant role in maintaining tcmperalure of the 
atmosphere. Both of these gases allow visible light to pass through but absorb 
infrared radiations emitted by the Earth’s surface. Therefore, these gases absorb much 
ol the outgoing radiations and wami the atmosphere. As the concentration of gases 
tlecreases gradually with Uic increase of altitude, con’espondingly temperature also 
decreases at a rate of per kilomeh e. This is the region where all weathers occur. 
Almost all aircrafts fly in this region. 

14.2.2 Stratosphere 

1‘his region is next to troposphere and extends upto .10 kilometres. In this 
region. Lemperaiure rises gradually upto 2X'. The presence of ozone (due to 
absorption of radiation) in this region is responsible for the rise of temperature in 
stratosphere. Within this region, temperature increases as altitude increases, such as 
lower layer temperature is about -5}i”C and upper layer is about 2^C. riius, 
stratf)sphcre is layered in temperature a.s shown in figure 14.2. Since ozone in the 
upper layer absorbs high energy ultraviolet radiations from the Sun, it break.s down 
into monoalomic (O) and dialoniie oxygen (O:;). 

^ 02(gi + 0^p, 
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oMHifr fermvttiMi 


Ujwpf Strai^splMfnj 


'"'"“""Sinfonnaljjii 


Ozone is tjtiik' a udl-kiiown gas 
Pfu>tts€4^picfs and £in> oilier source 
ot 5Etatic dear idly, can cause li lu 
torm tmm oxygen. You may have 
nmiced a strange hitter smell near 
photocopiers; this is ozone. Ins a 
poi!ioiK)u.s gas and is fonned on hoi 
days in badly polluted ciiics. 


Fig* 14,2 Tn>fK>sphcre and sinnosphere regiuns, 

T he tiud stratosphere has less UV light passing through it. Here O and Oi 
recombine to form o/une which is an exothermic reaction. Ozone formation in this 

rcgion results in fomiatton of o/onc layer. Thus, ozone layer e.xists in mid 
stratosphere. 


O2 


(B1 


O 


(B) 




(S' 


^ raJiation.(, rhu>. nionoalomic 
oxygen is not found here and ozone is not formed here. 



yourself J4.1 


i~ What do you mean by aimosphera ? 

II- What is difference between atmosphere and 
environment? 

Hi- Name the major constituents of troposphere, 
iv- How the temperature of atmosphere is maintained^ 
V- Where the ozone layer exists? 

Vi- Why the temperature of upper stratosphere is 
higher? 


143 POLLUTANTS 

A poihitam is a waste material that pollute.s air. water or soil. Three factors 
dc, er.ru, .e ,hc ^verity of a pelluiunl, i,., che,nic.rl „,r.ure, conceu.ru.ion und 
persistence. These pollutants iirc being created and discharged to the environmenl by 
uinan aciivuies. They make the environment (aii\ water or soil ) harmful to life. 

So the pollutants arc those substances which cau.se pollution While 
coniammams are those .siibstance.s that make something impure. 

hpn f- suhstames present in air are called air pothaams. Kveii a 

benefieiid substance beyond u specific concentration may be harmful. Air poJhmuits 

bundfng^^ weather, badly affects the human health, damage the plants and destroy 


www.iqbalkalmati.blogspot.com 






Chemistry X 


122 Environmentat Chemistry 1: The Atmosphere 


143.1 Types of Pollutants 

Major tiir pollutmits ate classified as primary pollutants atid secondary 
pollutants. Primary pollutants are the waste or exhaust products driven out because 
of conthustion of fossil fuels and organic matter. Tliesc are oxides of sulphur tSO’ 
and SOi): oxides of carbon (CO; and CO); oxides of nitrogen (specially nitfic oxide 
NO); hydrc>C!irbon (CH4); ammoniii and compounds of fluorine. 

Seciitidary polhiUinfs are produced by mrioua reactions of primary 
pollutantx. These are sulphuric acid, carbonic acid, nitric acid, hydrolluoric acid, 
o/one and peroxy acetyl nitrate (PAN). 

143.2 Sources of Air Pullutaiitx 

As you know 99% of atmosphere consists of Nj and O 7 . Although other gases 
arc minor consiiuiciUs. they can have major effecis on our environment. Becau.se 
atmosphere determines the environments in which we live. So, these minor 
constituents are safe upto a coneemration limit. Bui in some areas this limit has been 
crossed con.sidcrubly during the last 60 years because of human activitie.s. Different 
source.s of air pollutants are described as: 

tit Oxidf.s of Carbon (CO» and CO) 

Sources of oxides of carbon are as follows; 

(a) Both of these ga.scs arc emitted due to volcanic eruption and 
decomposition of organic matter naturally. 

(b) However, ihc major source for the emission of these gases is 
combustion of fos.sil fuels (coal, petroleum and natural gas). Fossil 
fuels burnt in combustion engine of any type of automobile, kiln of 
any industry, or open air tires emit CO 2 and CO. 

(c) Forest fires and burning of wood also emit CO> and CO. Bspecially, 
wlien supply of oxygen is limited. emis.siun of CO dominates. 


Greenhou.se Efl‘ect and Global Warming 

The COt forms a layer around the Earth like an envelope. It allows the heal 
fays of the Sun to pass through it and reaches upto the Earth. These rays are reflected 
from the Earth surface and go back to upper atmosphere as shown in figure 14.3(a), 
Normal ermcentralion of CO 2 layer retains enough heat to keep the atmosphere warm. 
So, normal concentration of CO 2 is necessary and bencllcial for keeping the 
temperature warm. Otherwise, the Earth would have been uninhabitable. The Earth’s 
average temperature would be about — 20“C. rather than prcsetUly average 
temperature l.'i’-'C. 

CO 2 is not an air poUuumt. Rather, it is an es.seniial gas for plants as O 2 is 
essential for animals. Plants consume CO 2 in photosynthesis process and produce 
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O2. While animals use 0 : in respiration and give out CO2. Tn this way, a natural 
balance exists between these essential gases as represented here. But this balance is 
being disturbed by emitting more and more CO2 in air through dilTerent human 
activities. 

RBSpxWton . 

^aVkjraj ~ 

bnu, 

Although CO1 is not a poisonous gas, yet its increasing concentration due lu 
burning of fossil ftiehs in different human activities is alarming. Because COj in the 
atmosphere acts like a gla.ss wall of a green house. It allows UV radiations to pass 
through it but does not allow the IR radiations to pa.ss through it. It traps some of die 
infrared radiations emiiied by the Earth. TIence, increased concentration of COi layer 
absorbs the infrared radiations emitted by the Eartli’s surface that prevents heal energy 
escaping from the atmosphere. It helps to stop surface from cooling down during 
night. As the concentration of CO2 in air increases, less heat energy is lost from the 
surface of die Eajth. Therefore, the average temperature of the surface gradually 
increases. This is called greenliouse ett'eel as shown in figure 14 . 3 (b), This effect is 
proportional to amount of CO2 in air. Greater is amount of CO2, more is trapping of 
heat or w'arming. Due to increased warming this phenomenon is also called global 
warming. 




6C0^i + 6H ,0,„ 



Fig, 14,3 Grecfiliouse effeci. 
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Effcctii of }'lol)al warming 

(I) Accuinulaiion of Ciu*bnn dioxldt; in air is 
resulting in increasing iitinospheric 
lemperanirc about 0.t)5 °C cver> vear. 

<ii.' It is causing major changes in weather 
paitcms. Extreme weather events are 
occurring more commonly and intensely 
(h;m previously. 

(iii) It melts glaciers iuid snow caps that are 
increasing flood risks and intense tropica! 
cyclones. 

Scu-level is rising due to vs hich low lying 
areas arc liable to be submerged, turning 
prc\iou.sly populated areas no longer 
habitable. 



Mcftitig uJ 


tfiCVfeof 

glubaf 

wumnitig 


iif 


nf 

hiu lying 


huraclif'd 


^PantnusJy A 

no lnii|fer 
V hahnablv y 



Do you know 


Fig. 14.4 l•tTeclofglot)a] warming 

CO is an air pollutant. It is a health hazard being highly ’ 
poisonous gas. Being colourless and odourless, its presence cannot 
be noheed easily and readily. When inhaled, It binds with the 
haernoglobin most strongly than that of oxygen. Thus, hindering the 
supply of oxygen in body. Exposure to higher concentration of CO 
causes headache and fatigue. If inhaled tor a longer time it results in 
breathing difiicuities and ultimately death. It is the reason burning is 
not allowed in closed places. It Is advised to switch off coal or gas 
heaters, cooking range, etc., before going to sleep, i 



Do you know 


Converters should be used in automobile exhaust so that they 
I convert CO to CO 2 and oxides of nitrogen NO„ to N 2 . before it enters 
in air. Catalytic cortverters as shown in figure 14.5 are attached to 
automobile exhausts. When hot gases pass through the converters, 
hamful pollutants are converted to harmless substances. Such as,' 
carbon monoxide is oxidized to carbon dioxide, unburn I 
hydrocarbons are oxidized to carbon dioxide and water, white oxides 
of nitrogen are reduced to nitrogen. 

Exhausi gases 
consisting ct 
CO NO, hydfocaftions. 


Exhaust gases 
converted jnto 
CO^,Np Water 



Fig. 14.5 Catalytic converter used in automobile vehicles. 
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^interesting Information 

• t''0- i.'i the 'life gas’ fur plants asO. is far liie human ht-ings and (wimals. 

• CO. tthmrhs iiifiwvii ratiialions emitted hy ihe Fatih Although CO 

is negligible as compared lu N. inid O,, vet its heat reiatning capacity 
is tremeiulaus. Widwvi CO,, life <m canh mntkl have hem impossible. 


(ii) Sulphur Compounds: 

Naturally occurring sulphur containing compounds arc cinitied in the bacterial 
decay of organic mailer, in volcanic gases and Ibrcsi fires. But llie cnncciitration of 
sulphur containing comjxiunds in tlic atmosphere because of natural sources is very 
smaLl as compared to the concentration of those compounds emitted by fossil fuel 
combustion in automobiles and industrial units. About W% of die iota! SO; is 
released by the combustion of coal and petroleum products as shown in figure 14.6, 


f 


Fossil fuels 
contain 
Sulphur 




Fossil fuels j f The Sulphur 
are burned [n the fuel forms 
to produce oxides of sulphur, 
energy I I SO; SO, 

Or — — ^ 




'Oxides of sutphur"^ 
escape into the 
air. They are 
air pollutants , i 


Oxides of sulphur 
dissolve in water and 
form Acid Rain, 
rhat fads on the eann 




Fig. [4.6 Formation ufSOi & SO; on combustion ol fossil fuel undcau.siiig uir pollution. 


KtTecb of SOj: 


(it) 


SO> is a colourless ga.s having irritating smeil. It causes sulltx'ation, iiTitaiion 
and severe respiratory problems to asthmatic pertple. 

SO 2 forms .sulphuric acid which damage.s buildings and vegetations. Detail of 
it will be discussed in section 14.4 . 


To control pollution because of 
SO 2 . it is necessary to remove sulphur from 
fossil fuels before they are burnt. 

(ili) Nitrogen Compounds (NOv): 

Naturally occurring oxides of 
nitrogen, mainly nitric oxide (NO), is 
produced by the electrical lightening in air. 



'"'-“‘inginfortnation ':C^ 

Acidic gases (pollutauls) from ^ 
nearby industrial units contribute 
to the wearing away of tlie famous 
marble building, the Taj Mahal in India. 
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Coiiibu.stion of fosKil fuels in internal conibiistion engines, in thermal power 
stations ;md faeluries where huge amount of coal is burnt, NO is formed by the direct 
combination of nitrogen and oxygen as shown in figure 14.7. 

N':?(in + 0;(u) ► 2NO(g, 

However, it quickly reacts with air to form nitrogen dioxide. NO, is highly 
toxic gas. 

2Nn,j, t 0.,j, ► 2NO:,„ 


Nitrogen in 
the air is 
ncrmafly 
Lifireacliva 


~<rf 


At high temperature 
it reacts with Oxygen 
lo form oxides of 
niUogen, NO & NO; 




These gases 
escape into the 
aif. They are 
Pollutants. 


Oxides of Nitrogen ^ 
dissolve in water and 
form Add Rain. 

That falls on the earth 


Fig. 1 4. 7 Foimaiion of NO Sc NOj on cumbusiion of fossil fuel and causing air pollution. 


Mixture of these gases represented as NO, enter in the air through automobile 
exhaust and chimneys of thermal power station tuid faclories. It irritates breathing 
passage. Ihese oxides form nitric acid combining with water vapours in air. Nitric 
acid is a component ul acid rain. Its effects will be discussed in section 14.4. 



yourse/f 14.2 


i What do you mean by an air pollutant? 
li. Name three primary air pollutants. 

Hi. Identify as primary or secondary air pollutant, 

SOe . CH, , HNOi . NH3 , HsS 04 , O3 . 

IV. Why CO2 is called a greenhouse gas ? 

V. Why the flood risks are /ncreas/ngi? 

vi Comment: burning in open air is preferred, 
vil. How sulphur containing compounds are emitted 
naturally? 

via. How co/r^ustion of fossil fuels in internal combustion 
engine produces oxides of nitrogen? 
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Role of Government to control pollution: 

Causing air pollution through auto exhaust is almost the most 
common air potiuting act which an average citizen commits dally for 
hours without considering its consequences. One Is poisoning the air, 
creating a big problem that has local, regional and global effects. 

Government should do short term as well as tong term planning 
to presen/e the natural world. Because without a healthy natural environment, there wilt be 
no healthy human, plant, or animal. 

(i) First of ait, quality of fuel must be Improved by adding anti-knocklng agents in fuels. At 

the same time, automobiles combustion engines must be efficient so that they should 
bum the fuel completely. No unbumed hydrocarbon molecules (fuel) should come out 

of the exhaust So government must guide the people to use converters in auto 
exhausts. 

(li) Fossil fuels produce a number of air pollutants because of impurities and complex 
molecule nature of hydrocarbons. Government should promote the use of alternative 
fuels sudi as methanol, ethanol and bio-diesel. These fuels are less polluting than 
hydrocarbons fuel, as their molecules are simple, and bum completely In the engine. 
Their burning produces less carbon monoxide, soot and other pollutants. 

(Hi) The government must plan to avoid using carbon dioxide producing fuels as it is a 
greenhouse gas. It should go to battery-powered electric vehicles. 

(iv) Government should provide efficient transport in the big cities, so that people should 
avoid using their own vehicles. 


14.4 ACID R.4IN AND ITS EFF^:CTS 

As you have studicil, burning ot ibssil fuels produces oxides of sulphur and 
nirrogcn in air. Rain water converts SO2 into H2SO4 and NO, to UNO and HNO,. 
Normal ram water is weakly acidic because it consists of dissolved CO2 of tiic air. It.s 
pH IS about 5.6 to 6. But ram water on dissolving air pollutants (acids) becomes more 
acidic and its pH reduces to 4. Thus, acid rain is formed on dissolving acidic air 
pollutants such as sulphur dioxide and nitrogen dioxide by rain water. 

Figure 14.8 shows how oxides of sulphur and nitrogen are converted into 
acids. These acids dissolve in rain water and damage soil, animals, plants and aquatic 
life. 
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Fig. M.f? Acid min formation and its effects 


KfTecbi of acid rain 

(i) Acid rain on soil and rocks leaches heavy melals (Al, Hg, Pb, Cr, etc) with it 
and discharges these metals into rivers and lakes. This water i.s used by human 
beings for drinking purpo.se. The.se metals accumulate in human body to a 
toxic level. On the oUier hand, aquatic life present in lakes also suffers 
because of high concentration of these metals. EsfX'cially high concentration 
of aluminium ions clogs the fish gills. It causes suffocation and ultimately 
death of fish. 

(it) Acid rain attacks the calcium carbonate present in the marble and limestone of 
buildings and monuments, 'rims, these buildings are getting dull and eroded 
day by day, 

(iii) Acid rain increases the acidity of the soil. Many crop.s and plants cannot grow 
properly in such soil. It also increases the toxic metals in the .soil that poisons 
the vegetation. Even old trees are being affected due to acidity of soil. Their 
growth is retarded. They get dry and die. 

(iv) Add rain directly damages the leaves of trees and plants, thus limiting their 
growth. Depending tfpon the severity of the damage, plants growth can be 
hiimpered. Planes capability to resist cold or diseases reduces and ultimately die 
die as shown in figure !4.9. 
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Test 
yourself 14.,i 


L How is acid rain produced? 

ii. Why acid rain damages 
buildings? 

Hi. How is aquatic life affected 
by acid rain? 

iv. Why are plants dying day by 
day? Comment. 



Rg 14.9 Effect uf acid rain on plants. 

14.5 OZONE DEPLETION AND ITS EFFECTS 

Ozone is an allorrnpir form of oxygen consist inn of three oxygen atoms. It is 
lurmed in atmosphere by the assoen tinn of an oxygen atom with an oxygen molecule 
In the mid of stratosphere. 

0(g) + 02(1,) ^ Ol(g, 

Ozone is present throughout the atmosphere. Bui its maximum concentration 
called ozone layer lies in strato.sphere region about 25 to SO km away from the 
Fairth’s surface. This layer surrounds the globe and protects Earth like a shield from 
harmlul ultraviolet radiations of sunlight as shown in figure 14 . 10 . Otherwise, 
ultraviolet radiations would cau.se skin cancer. Thus ozone layer in strato.sphere is 
beneficial for life on the Earth. 




Ullraviotel radiations 
absorbed by ozone layer 


1 


s 


Ozone Lsya, 




Fig. 1 ! 10 (a) Ozone layer (b) Depletion of ozone layer. 
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Under normal conditions ozone concentration in stratosphere remains nearly 
constant through a series of complex atmospheric reactions. Two reactions that 
maintain a balance in ozone concentrations are as follows: 

02 (g) + 0(g, ► Ojjg) (formation) 

+ t)(g) ► 202 (g) (decomposition) 

But this ozone layer is being depleted through various chemical reactions, such 
as; 

However, chlorofluorocarbons (CFCs) (used as refrigerants in air conditioners and 
refrigerators) are major cause of depletion of ozone layer. These compounds 
leak in one way or other escape and diffuse to stratosphere. Ultraviolet radiations 
break the C-C! bond in CFClj and generates chlorine free radicals as 


UV 

cFci, ► cFCb + cr 

These free radicals are very reactive. They react with ozone to form oxygen a.s 

02(p) + cr ► 02(g) + ocr 

oci' ► o* + cr 

0‘ -r O- ► 02(g) 

A single chlorine free radical released by the decomposinuu uf CFCs is 
capable of destroying upto many lacs of ozone molecules. The reftion in which ozone 
layer depletes is called ozone hole. 

Signs of ozone depletion were lirst noticed over Amarcliea in 1980s. Since 
1990s depletion have also been recorded over the Arctie, as well. 

KtTecls of Ozone Depletion 

Even minor problems of ozone depletion can have major effects, 

(i) Depletion of ozone enables ultraviolet radiations of Sun to reach to the Earth, 
tliat can cause skin cancel- to human beings and other animals. 

( i i ) Decreased ozone layer will increase infectious diseases like malaria. 

(iit) It can change the life cycle of plants disrupting the food chain. 

(iv) It can change the wind patterns, resulting in climatic changes all over tlic 
world. Especially, Asia and Pacific will be the most affected regions, facing 
cl i mate-induced migration of people crisis. 
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I. Justify, ozone is beneficial for human kind. 
//. Why ozone is depleting in atmosphere? 

Hi. What do you mean by ozone hole? 
iv. Where the ozone layer is found? 


Incineration of waste material causes air pollution 

Incineration is a waste treatment process that involves the burning 
of solid waste at high temperatures between 650'C to 1100‘C in 
incinerators. Incinerators reduce the solid mass of the original waste by 
80-85% and convert the waste materials into ash, flue gas and heat. 
Although, the volume of solid waste is reduced effectively by incineration, it 
produces highly poisonous gases and toxic ash. The flue gas includes, 
dioxins, furans, sulphur dioxide, carbon dioxide, carbon monoxide, hydrochloric acid and a 
large amount of particulate matter. 



• Atmosphere is the envelope of different gases around the Earth. 

• Atmosphere is divided into four regions; troposphere, stratosphere, mesosphere and 
Ihermosphere^ 

• Troposphere is just above Earth’s surface and extends upto 1 2 kilometre. 

• Stratosphere is next to troposphere and extends upto 50 km. In this region, 
temperature rises upwards because of presence of ozone layer. 

• Mesosphere is next to stratosphere and extends up to 85 km. 

• Thermosphere lies beyond mesosphere. 

• Natural sources of air pollutants are volcanic eruption and decomposition of organic 
matter. 

• Source of air pollutants because of human activities are burning of fossil fuel in 
combustion engines of automobiles, kiln of industries, open air fires and forest fires. 

• CO 2 forms a layer around Earth, that absorbs the infrared radiations emitted by Earth 
surface. Thus heating up atmosphere, called greenhouse effect. 

• CO is highly poisonous gas so it is health hazard. 

• SO 2 is also health hazard and forms sulphuric acid by combining with water vapours 
In air. It is aiso a component of acid rain. 
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Acid rain consists of HjS 04 and HNO 3 that reduces the pH of rain water to 4. 

Ozone layer lies in stratosphere about 25 to 30 km away from Earth’s surface. 

Ozone layer protects Earth like a shield from harmful ultraviolet radiations of 
sunlight. 

Chlorofluorocarbons destroy ozone molecules, depleting the ozone called ozone 
hole. 

Depletion of ozone enables ultraviolet radiations of the Sun to reach the Earth; 
causing infectious diseases; changing the life cycle of plants, wind patterns. 


SKILLS 

Filtration of suspended Impurities 

Filtration is separation of insoluble solid particles (sand, clay, dust or precipitates) 
from a liquid. It is carried out by filtering a mixture. A filter paper Is first folded half way, 
then another fold is made, so that a filter paper gets four folds. This folded filter paper Is 
placed in a filter funnel in such a way that on one side are three layers and on the other 
side is one layer as shown in figure. 

The mixture (sand in water or chalk in water) is poured into the filter paper as 
shown (n figure. 




Funnel- 



Filtrate passes through the filter paper and is collected in a conical flask. The solid 
particles (residue) deposit on the filter paper, It is then dried. 
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EXERCISE 

Multiple Choice Questions 
Put a (>/ )on the correct answer 

1. About 99% atmosphere’s mass lies within: 

a. 30 kilomelre b. 35 ki ionic tre ^ 

c. 15 kilometre d. i 1 kilometre 

2. Depending upon temperature variation, atmosphere is divided into how 
many regions? 

a, one b_ two 

c. three d. four 

5* Just above the Earth’s surface is; 

a. mesosphere b. stratosphere 

c. thermosphere ti. troposphere 

4. A group of gases that maintains temperature of atmosphere is: 

a. carbon dioxide and water vapours b. nitrogen and carbon dioxide 
c. oxygen and water vapours d. nitrogen and oxygen 

5. The Earth’s atmosphere is getting hotter because of 

a. increasing concentration of CO 

b. increasing conccniralion of CO 3 

c. increasing concentration of O 3 

d. increasing concentration of SO 2 

6. Which one of the followings is not a Greenhouse Effect? 

a. increasing atmospheric temperature 

b. increasing food chains 

c. increasing flood risks 

d. increasing sea- level 

7. Normally rain water is weakly acidic because of 

a. SOt gas b. CO 2 gas 

c. SO 2 gas d. NO 2 gas 

8. Buildings are being damaged by acid rain because it attacks: 

a. calcium sulphate b. calcium nitrate 

c. calcium carbonate d. calcium oxalate 

9. Acid rain affects the aquatic life by cloging fish gills because of; * 

3. Ifisd metal b. chromium metal 

c. mercur}' metal d. aluminium metal 
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lit. Ozone is heneficiai for us as i(; 

a. absorbs infrared radiations 

b. absorbs ultraviolet radiations 

c. absorbs chlorofluorocarbons 

d. absorbs air pollutants 

11. VVhich one of the following is nut an air pollutant? 

a. nitrogen b. ciirbon monoxide 

c. nitrogen dioxide d. ozone 

12. Iron and steel structures are damaged by 

a. carbon monoxide b. sulphur dioxide 

c. methane d. carbon dioxide 

13. Infrared radiations emitted by the Earth are absorbed by: 

a. CO3 and H2O b. Nj and O2 

c. CO 2 and Nt d. O2 and CO2 

14. Global warming causes rising of the sea level. The cause of global 
warming is: 

a. CO2 gas b. SO2 gas 

c. NOx gases d. O3 gas 

15. Which gas protects the Earth's surface from ultraviolet radiations? 


17. Which one of these pollutants are not found in car exhaust fumes? 


18. The process by which atmospheric nitrogen is turned into nitrates in the 
soil Ls called: 



b. CO 
d. O3 


16. Ettects of ozone depiction are following except the one; 

a. increases infectious diseases b, increases crops production 

c. can cause skin cancer d. can cause climatic changes 


a. CO 
c. NO2 



a. nitration 
c. oxidation 


b. tlxing 
d. reduction 


19. Global warming is because of; 


• a. absorption of infrared radiations emitted by the Earth’s surface 

b. absorption of infrared radiations coming from the Sun 

c. absorption of ultraviolet radiation coming from tlie Sun 

d. emission of ultraviolet radiation from the Earth’s surface 
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20. Carbon monoxide is barniful to us because; 

a. it paralyses the lungs 

b. it damages lungs tissues 

c. it reduces oxygen carrying ability of haemoglobin 

d. it makes the blood coagulate 

Short Answer Questions 

1 . Explain the phenomenon of decreasing temperature in troposphere. 

2. Difi'erentiate between primary and secondary air pollutants. 

.1. State the major sources of CO and CO 2 emission. 

4. CO 2 is re.sponsible for heating up atmosphere, how? 

5. CO i.s an hidden enemy, explain its action. 

6. What threats arc to human health due to SO 1 gas a.s air pollutant? 

7. Which air pollutant is produced on anaerobic decomposition of organic 
matter? 

8. How acid rain increases the acidity of soil? 

9. Point out two serious effects of ozone depletion. 

10. How ozone layer forms in stratosphere? 

1 1 . Why the 75% of the atmospheric mass lies within the troposphere? 

12. How ozone layer is being depleted by chlorofluoro carbons? 

Long Answer Que^itions 

1 . Write down the significance of aimo.spheric gases. 

2. Give the characteristics of troposphere. Why temperature decrease.s upwards 
in this sphere? 

3. What are the characteristics of stratosphere? Why temperature increases 
upwards in this sphere? 

4. C'Oj is necessary for plants but why its increasing concentration is alarming 

for LIS? 

5. Why is CO considered a heiUth hazard? ' 

6. Dcntie acid rain. How^ it forms and what are its effects? 

7. Compounds of sulphur are air pollutants. Describe the sources of these 
compounds along with their effects. 

H. Where does ozone layer lie in atmosphere? How it is depleting and how we 
can prevent its depletion? 

9. Oxides of nitrogen cause air pollution. Describe the sources of these 
compounds. 
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Time allocation 
Teaching periods 10 

Assessment periods 02 
Weighlage 8% 


Students Learning Outcomes 


Students will be able to: 


. describe the occurrence of water and its importance in the environment 
including industry. (Analyzing); 

. review our dependence on water and its importance of raainiaining its 
quality. (Analyzing); 

, de.scribe the composition and properties of water. (Understanding); 

. differentiate among soft, temporary and pemtanent hard water. (Analyzing); 

* describe methods for eliminating temporary and permanent hardness of 
water.(Applying); 

. identify water pollulanls.( Analyzing); 

, describe industrial wastes and household wastes as water pollutants. 
(Understanding); 

' describe the effects of these pollutants on life. (Understanding) and 
. describe the various types of waterborne diseases. (Understanding) 
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Introduction 

Throughout history, importance and significance of water has been recognized by 
mankind. It.s importance is because of two reasons. Firstly, it i.s an essentia! and major 
component of each and every living cell. For example, human body consists of about 
70% water. .Secondly, it provides an environment for animals and plants that live in 
water. So, all living organisms owe their life because of water. 

We use water in daily life for drinking, cooking and washing purposes. 
Quality of drinking water has remained a major factor in determining human health 
and wcKare since ages. Since World War II. there has been a rapid production and 
use of synthetic chemicals. Many of the.se chemicals (fertilizers and pesticides run off 
from agriculture lands and industrial discharge from industrial units) have polluted 
water supplie.s. Be.sides this, there i.s also a threat to ground water from waste 
chemical dumps and landfills. 

Ciinently, waterborne toxic chemicals pose the greatest threat to the supplies 
of water especially in urban areas. Use of this water is causing water borne diseases. 
So use of polluted water is a concern of every citizen. Therefore, understanding the 
sources and effects of water pollution is essential for controlling this alarming threat. 

Occurrence of Water 

The oceans contain about 97% of world water. The rest of the water Is in the 
form of glaciers, ice caps, ground water and inland water (river, lake.s, streams). Il is 
also present in atmosphere in the form of water vapours. 


Sea water is unfit for drinking and agricultural purpo.ses due to high 
percentage of dissolved salts. Only 0.2% of the total water on the Earth is potable, 
i.e. fit for drinking purposes. 


Glaciers & ic* — , .._‘ric water 0.001% 

Ground water 0.6 % — ) Inland water t).2 % 



Distribution of water 
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15.1 PROPERTIES OF WATER 

Water is composed of two elements: oxygen and hydrogen. One atom of 
oxygen combines with two atoms of hydrogen to form one molecule of water. 
Pure water is a clear, colourless, odourless and tasteless liquid with following 
properties: 

( u It is neutral to litmus. 

lii) Its freezing point is O'C and boiling point is 100 "C at sea level. 

I iii I Its maximum density is 1 gem at 4"’C. 

( i V ) It is excellent solvent for ionic as w'ell as molecular compounds. 

(V) It has unusually high that of heat capacity about 4.2 which is about 

six times greater than tliat of rocks. Tliis specific property of w’ater is 
responsible for keeping the Earth’s temperature within limits. Otherwise, day 
time temperature would have been ton high to hear and night time temperature 
would have been too low to freeze everything. 

( \ 1 ( It has high surface tension. This unique property of water is responsible for its 
high capillary action. Capillary action is the process by which water rises up 
from the roots of plants to leaves. This proce.ss is vital for the survival of the 
land plants. 

15.2 WATER AS SOLVENT 

Water is the universal solvent because it can dissolve almost all the minerals. 

Its ability to dissolve substances is because of two unique propertie.s of water: 

1 1 ) polarity of water molecule: 

(It) exceptional hydrogen bonding ability. 

( i ) Polar nature of w atcr 

Water molecule has polar structure, i.e. one end of the molecule is partially 
positive while the other end is partially negative because of electronegativity 
difference between oxygen tind hydrogen atoms. 

.All Other pohur substances are .scdublc i> water, because the positive end of 
the .substance is atti'actcd by the negative end (O^)of the water and negative end of 
the substance is allracted by the positive end (H^) of the water. The electrostatic 
attractions among the ion.s are overcome by the ion-dipolc forces of attraction between 
ion and water molecules. In this way, positive and negative ions of the compounds are 
pulled apart as shown in figure 15.1. Ultimately, these oppositely chaigcd ions are 
surrounded by water molecules, thus separated and kept in solution. For example, 
most of the salts like NaCl, KCi, Na 2 S 04 , etc. are soluble in water. 


www.iqbalkalmati.blogspot.com : u'J' 



Chemistry X 14Q Environmental Chemistry II: Water 



Fig. 15. 1 Dis.solviiig pRK’ess of u polar substance in water. 

On the other hand, many covalent substances like benzene, ether, octane, etc., 
which do not have polar ends or bonds are not attracted by water molecules. 
Therefore, non-polar compounds do not dissolve in water. 


(ii) Extensive hydrogen bonding ability 

Water molecule is composed of oxygen ami hydrogen atoms. 


Because of two 0-H bonds tuid two lone pairs, one H;0 molecule can form 
hydrogen bonding with four other H 2 O molecules, which are arranged tetrahedmlly 
around the H 2 O molecule a.s .shown in Figure 15.2. This unique behaviour of water 
enables it to dissolve many polar non-ionic compounds having hydroxy] group (-OH), 
like alcohols, organic acids, glucose, sugar, etc. by forming hydrogen bonds with 
them. 




If you add a lump of caesium to 
water in a glass trough, the reaction 
is so vigorous that the h-ough will 
shatter into small pieces. 


/ 


Fig. 15.2 Hydrogen bonding of water molecule. 


V. 


J 



yourself IS.l 


i. What is capillary action? 

ii. Point out two properties of water that make it an 
excellent solvent. 

Hi. Why the water molecule is polar? 

Iv. Explain why nonionic polar compounds are 
soluble in water? 
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1^,3 SOFT AND HARD WATER 

Soft water 

Soft water is that which produces good lather with soap. 

Hard water 

Hard water is that which does not produce lather with soap. 

Causes of hardness in water. 

The rain water w'htle coming down absorbs carbon dioxide from the 
atmosphere. The water mixed with carbon dioxide, when passes through the beds of 
the soil, converts insoluble carbonates of calcium and magnesium into soluble 
bicarbonates. It may also dissolve chlorides and sulphates of calcium and magnesium. 

These salts make the water hard. 

CaCOijjjj + CO^tEi "t" HjOu) ^ Ca(HCOi)2faqj 

MgCOjis) + C02(gj + HiOd) ^ Mg(HCOi};(aq| 

Thus, rain water dissolves many salts of divalent cations like Mg , Ca ", and 
anions like d“ , S04^“, HCO3 and COi‘~ for example, gypsum (CaS04.2HiO) and 
limestone (CaCOj). These salts make the water hard. 

Gypsum is sparingly soluble in water, while limestone is insoluble in water. 
However, in the presence of carbon dioxide small quantity of limestone is soluble in 
water according to the above chemical reaction. 

15 I Types of Hardness of Water 
Hardness is of two types; 

(i) l emporary harduess is because of presence of hicurbonates of calcium and 
magnesium. 

(ii) Permanem fuirdnes.^ is because of ptrsen- e of sulphates and chlorides of 
calcium and magne.sium. 

153.2 Methods of Removing Hardness 

The removal of Mg'* and Ca~* ions which arc responsible for the hardness is 
called water softening. 
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(i) Removal of tcmporan hardncs.% 

(a) By boiling 

Temporary hardness of water is easily removed by boiling water. On 
boiling, calcium bicarbonate Ca(HCO.r)2 decomposes to produce 
insoluble calcium carbonate, which precipitates out of the solution. 

,, A 

CaCHCOjlifaqi CaCOj(s) + M 2 O 1 - C02(gi 

(b) Clark’s method 

A chemical method to remove temporary hardness is by the addition of 
slaked lime Ca(OH)2. A calculated amount of lime water is added to 
temporary hard water. 

Mg{HC 03 ) 2 ,ttq, + CatOH),,^, ► Mg CO.i„j + Ca C 03 <s> + 2H20,i> 

CaaiC03)2,^, +Ca(OH)2„y, ^ 2 CaC 03 ,s, + 2H20,|, 

Thus, once the magnesium and calcium ions precipitate out water becomes 


(iij Removal of permanent hardness 

Permanent hardness can only be removed by using chemicals. Calcium (Ca^^) 
and magnesium {Mg~") are removed as insoluble salts by adding washing soda 
INaiCO^) or sodium zeolite. 

(a) By using washing soda: The addition of washing soda removes the calcium 

and magnesium ions as the insoluble calcium and magnesium carbonates 
respectively. ’ 

Na.COi.,,) + CaSOn.,, ► CaC 03 f,> + 

Na2C03(«qj + MgS04,.^, ► MgC 03 („ + Na 2 S 04 ,aq) 

(b) Using Sodium Zeolite (an ion Exchanger) Sodium zeolite is a naturally 
occurring resin of sodium aluminium silicate NaAl(SiOi)2, which can also 
be prepared artificially. It is used for softening of water at domestic as well as 
on industrial scale. When water is passed through resin, sodium ions of the 
resin arc exchanged with the unwanted calcium and magnesium ions of the 
hard water as shown in figure 15 . 3 . 

Na2 zeolite + CaS04(aqi ► Ca zeolite + Na2S04jj„,, 
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Fig. I5..3 Ton exchange for removal of hard water ions 


When resiu is fully used up it can be regenerated by flushing it with 
coticciunitcd solution of NaCI. 'Hie tc verse process Lakes place because of high 
concentration of sodiimi ions. 


15.2.3 Disadvantages of Hard Water: 

(i I Hard water consumes large amount of soap in washing purpo.ses. 

(ii.) Drinking han! water causes stomach disnrdcr>>.. 

(iii) Hard water is unfit lor use in steam engines, boilers and turbines 


because insoluble calcium and magnesium salts deposit inside. 
They are called scales. They are bad conductors of heat and hence 
more fiiel is used. Insoluble calcium and magnesium sulphates not 
only reduce the efficiency of the engine but also cause the boiler to 
burst. 


Ca .leolite + 2NaCI ► Na, zeolite + C'aCl^ 



Iv. How addition of NaiCOs removes permanent hardness of 
water? 


vL What do you mean by boner scales? How are they 
removed? 


II. Explain the chemistry of removing the temporary hardness 
by boiling water 


iii. What is the principle of removing permanent hardness of 
water? 


V. How sodium zeolite softens wafer? 


/. Which salts are responsible for hardness of water? 
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Hard water hampers the cleaning action of soap. 

Soap IS the sodium salt of a long chain carboxylic add (fatty 


■ acid). 

SCIENCE 

Hard water contains salts of magnesium and calcium. These 



ions react with the soap molecule to form an insoluble precipitate of 

calcium and magnesium salts of fatty acids called scum. As a result, a targe amount of 

soap is wasted in scum formation. Thus, it reduces the efficiency of soap. 


1^.4 \S ATKR I'OI I I HON 


Waier polluiion is a ccimaininaLion of water bodies (c.y. lakes, rivers, oceans 
and ground w-ater). Water pollution occurs wheti polluianls are discharged directly or 
indirectly into water bodies wdihoul adequate treatnicnt to remove harmful 
compounds. 

15.4.1 Industrial Kllliients 

Industrial units are installed to produce the desired substances (chemicals, 
cloth, leather goods, paper, plastic items, [letrochcniicals and rubber items) on 
commercial scale to meet the needs of the society. But unforlunaicly all the industrial 
units discharge their wastes (chcniicdls aiul soliJ nuiieridlx) either to open ground or 
to w'ater channels. This is called industrial effluent. The iudustrial effluent mav be 
highly toxic organic chemicals, inorganic salts, heavy metals, mineral acids, oil and 
greases, etc. On the other hand, water used as cleaning agent in industries is directly 
dischaigcd out. This water contains all kinds ol toxic chcjiiicals and detercents. 

When these clXlucnt.s and u.sed water enter lakes, .streams, rivers or oceans, they 
ei tiler get dissolved or float sitspeiided in water. Fven they gel deposited on the bed. 
This result.s in the pnllution of water, i.e. 

i ' t They deteriorate the qoitlily of water. 

■ lii Tliey reduce the L|iiamity of dissolved oxygen which ultimately affects 
aquatic life and ecosystem. 

‘ici They can also seep down and affect itjc ground waiei dcpu.siLs. They 
containiiiale the water depo.sils. When this water is u.sed by human 
beings, it causes serious diseases like cajtccr and gastro. Ih is' pol luted 
W'ater damages soil, crops, plants and animals. 

fix I Heavy metals like cadmium, lead and mercury are lo.xic and health 
hazards for human beings. Acute cadmium poisoning causes high blond 
pressui-e. kidney damage and destruction of red blood cells. Acute lead 
poi.soning causes dysfunciion of kidney, liver, brain, central nervous 
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syvrcni iuid rcpniilLicLive system. Mercury puisoning causes neumtogicai 
damage. 

15.4,2 Domestic Effluents 

^ Use of detergents is increa.sing day by day for cleaning purposes in houses 
and industries. It i.s because, dclcrgenls have strong cleaning action than that of soap 
even in hard water, lltey can work even m acidic sokitions. But they have a major 
disadvantage o\er the soaps, a> some of the detergents arc non-hiodegradah!r 
(eafirioi be decomposed by microorganisms like hactcriio. When houscltold water 
containing the.se detergents is disehiirgeti in .streams, ponds, lakes and rivers, it causes 
water pollution. 

The detergent retnains in the water for a Ittng time and makes the water unfit 
lor aquatic life. The phosphate salts present in dctcrgcnis cause rapid growth of algae 
in water bodies, which floats over the surface of water. These plants ultimately die 
and decay. Decaying piant.s being biodegradable consume oxygen gas present in 
water. Thu.s, depletion of oxygen gas result.s in deatli of aquatic life. 

Domestic sewage contains a wide variety of dissolved and suspended 
impurities. They include food and vegetable waste, garbage, cans, bottles, chemical 
soaps, washing powder, etc. It also contains disease catising microbes. All these 
substances add to water pollution. 

15.4..^ Agricultural Effluents 

Water polliitioa due to agricultural waste is because of use of Fertilizers and 
pesticides. Fertilizers arc used to make up the dellciency of nitrogen, phosphorus, 
etc. of the soil because of Intensive cultivation of crops in the recent yeare. 

On the other hand, pesticides arc used either directly to kill or control the 
grow'th of pest.s. Pest.s may l>c weeds, herbs, insects, fungi, viruses, etc. They all 
damage crops and transmit di.sea.ses both to human beings and animals. 

Agricultural effluents have dual effects: 

(II Intensive cultivation of crops causes these chemicals from fertilizers and 
pesticides to seep into the ground water commonly called leaching piocess, The 
high nitrate contents iu ground water is mainly because of irrigation run-off 
from agricultural fields. 

(ii) Ruti-olT from the agriculuiral land (where fertilizers and pesticides have been 
used) enters into ponds, streams or rivers. This water contains nitrate (NO,i ) 
and phosphate (PO^^ ) salts. These .■iubslances results in a rapid growth of algae, 
lloaling over the surface of water. They prevent the sunlight and air foxygen) to 
reach upin aquatic life. When algae dies, bacteria consume oxygen of llie water 
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lor decornpositioii of algae. As a result oxygen depletes in the water. Aquatic 
animals feel .suffocation and ultimately die due to in-sufflcient supply of oxygen. 


EfTects of Water Pollution 

Water pollution has the following elfeet.s: 

(i) It is hazardous to huiuan health. Drinking 
polluted svater can cause cholera, typhoid 
and diairhea. 

tii) The use of polluted water is not only 
devastating for people hui also fur animals 
and birds. 

(iii) It causes rapid growth of algae. Dcaiii and decomposi lion of algae causes 
deficiency ol oxygen in water that affects organism living in water. 

(i^ > It is damaging aquatic life, thus hicakiiig a link in loud chain. 

( vt It reduces the aesthetic quality of lakes and rivers. 

t vi) It is uiilil lor cleaning or washing purpo.ses, 

' j 


Test 

yourseif IS.J 


15.5 WATERBORNE INFECTJOLS DISEASES 

Diseases Thai spread betaiisv nj dntiking polluted uaier or eating food 
prepared with polluted water are called waterhorne itijeclious diseases. Water 
pollution may be due to toxins or microorganisms. Toxins are arsenic, mercury, 
arsenic, lead and many organic chemicaks, Microorgaiiism.s are viruse.s, bacteria, 
protozoa and wonns. 

Lack ot proper sanitation facilities i.s the main cause of rapidly .spreading 
W’aiei dome diseases. A few common disea,ses are meiitioned here: 

(it Diarrheal discuses 

Inte.stmal diseases, such as cholera, that may cause dangerous dehydration. 
Diarrhea may be cau.sed by viruses, bacteria or parasites. 


/. What is an industrial waste? 

a. How water used as a cleaning agent in industries 
causes pollution? 

iii. Why use of detergents is increasing day by day? 

iv. How decaying plants consume oxygen? 

</. What is function ot fertilizers? 

vi. How pesticides cause waler pollution? 


In siMUC puFij; of the W iirld. Ihc ^ j 
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(iit Dysentery 

Dyseri‘?ry is an intestinal disease which is rypicidly caused by certain bacteria 
or parasites. It is efauaclcrizcd by severe diarrhea that may be accompanied by blood 
or mucous. 

(iii) Cholera 

Cholera is an acute infection caused by the bacteria Vibrios choleras, which 
may lie found in water coiuaniinatcd by lumian leaces. Cholera causes severe diarrhea 
and can he fatal. 

(ivt Cryptosporidium 

Waterborne microorganism (piolozoa) that cau.ses gastrointestinal illness 
(cryplosporidiosis) including diamhea and vomiting. Thc.se tiny pathogens are found 
in surface water sources like rcscrvuir.s, lakes and rivers. 

(v) Fluor osi.s 

Fluorosis is a disease caused by the consumption of exces.s fluoride. Fluorosis 
can cause bones and teeth damage. 

(vit Hepatitis 

It is liver intlammatiun commonly caused by one of five virascs called 
hepatitis A. B, C, D. and E. Hepatitis A and R can be tin nsmi lied by contaminated 
water. 

tvii) Hookworm 

Hookworm is a parasitic worm that infects the .small intestine. .Severe cases 
can result in anemia and .slunLed growth in childien. Hookworm lan ac enter the body 
through the skin, often via the feet. Spread by pour sanitary conditions, hookworms 
infect about one billion people worldwide per annum. 

li iii) .laundirc 

Jaundice is caused by an excess of bile pigments in the blood, l .iver ceases to 
function and eyc.s turn yellow. Patient feels w'eakness and fatigue. 

(i\) 'I'y pimici 

A dangerous bacterial disease often spread by contaminated water or by food 
prepared with contaminated water. 

Prevention of waterborne diseases 

Waterborne diseases can be prevented by taking the I'ollowing measures; 

(i) Provision of safe water: Drinking water must be properly treated and 

|.Hiriricd. 
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(iii) 


Disposal of sewage.' nicix' must be adequate sanitary' disposal of sewage. 
Any type of waste must not be thrown or dl.scharged dirccUy in water supplies 
or leservoLrs. 

Control of toxic chemicals: Chemical eomamination can cause acute illness, 
but ».)ftcn toxic contaminants arc slow poisons and carcinogens. There must be 
a strict control over Uic u.se of pesticides and other chemicals. 



I rest 
yourself 1S.4 


i. Define waterborne diseases 

ii. What IS dysentery? 

iii. Which bacteria causes the cholera? 

iv. What do you mean by fluorosis? 

V. What is hepatitis? 


SCIENCE ■ 

Chemistry of swimming poof cfeanfiness 

Swimming pools are deaned by chlorination process- it is the 
addition of chionne sofution in swimmirig poofs, Chtorine kills bBCteria 
and other micro-organisms. O2 itself does not kill rather it dissociate in 
water to form hypochlorous acid (HOCI} and hydrochloric add 

Clg(„+ 

'her ionizes to produce hypochlorite and proton 

f^OCI/gq, ► If {^) + OCffgcQ 

oroducts HOC! and OCf kill bactena and rnicro-organisms. 

HOC! fun 
Both the 1 

Key Points | 


.... : Hcai niyn surrace tension 

and nigh capillary action. 

Water ts universal solvent because of its polarity and hydrogen bonding ability. 

Soft water produces lather with soap. 

Hard water does not produce lather with soap. 

Hardness is of two types: temporary and permanent. 

Temporary hardness is because of bicarbonates of calcium and magnesium This 
hardness can be removed by boiling or by addition of slaked lime (Ca(OH)a) in water. 

Permanent hardness is because of presence of carbonates and sulphates of calcium 
and magnesium. This hardness can be removed by treating water with washino soda 
and sodium zeolite. 

Used water is called waste water or sewage. 

Water pollution is caused by affecting water quality by pollutants. 

Industrial effluents are one of the mam causes of water pollution. It includes high 
toxic organic chemicals, inorganic salts, heavy metals, mineral acids, oil and greases, 


etc. 
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• Household water in the sewage froih toilets, baths, kitchens, etc. consists of 
detergents used for cleaning purposes. Detergent being non-biodegradable causes 
rapid growth of aquatic piants. When these piants die and decay, they consume Oj 
present In the water. Thus, aquatic iife is badiy affected because of scarcity of Oj. 

• Agricullurai effiuents consist of fertilizers and pesticides. These substances provide 
nitrate and phosphate ions for rapid growth oi aquatic plants Wtien these plants die 
and decay, their decomposition process consumes of water. Thus, depletion of Os 
causes damage to the aquatic life 

• Waterborne diseases are those diseases that spread because of drinking polluted 
water. These diseases spread because of lack of proper sanitation arrangements. 
These diseases can be prevented by using safe water, properly disposing sewage 
and controlled use of toxic chemicals. 


SKILLS 

Quality of Water 

Good quality water is colourless, odourless and tasteless. Hardness of water can 
be checked by washing. Soft water produces lather with water. Pure water has least 
conductivity. 

Bolling point of water 

Water boils at 100°C. 

Distillation of impure water 

Impure water can be puiified by simple distillation apparatus as shown in figure. 
Distillation process involves boiling of a liquid and then condensing the vapours. 


Thcrmt>inclcr 



Impure water is taken in a distillation flask. If is boiled. Water vapours rise and 
enter the condenser. The vapours condense while passing through condenser. Thus, they 
are changed back into pure water, which is called distillate (distilled water). The disiitlateis 
collected in a beaker. 

The impurities remains behind in the distillation fiask. 
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r hydrogen 
bonding 
ability^ 


removal by 


^WATElfS 
UNIVERSAL 
. SOLVENT y 


temporary hardness 
because of HCO, of 
Mg^‘ S Ca=* 


permanent hardness 
because of SO/ & 
Cl of Mg**&Ca^ 


disadvantages 

• hampers washing 

• causes stomach 
disorders 

• forms scales in 
boilers etc. 


removal by 


deteriorate quality of water 
affect aquatic life 
affect ground water 
toxic metals are heath hazards 


industrial 

effluents 


waterborne 

diseases 


diarrhea! 

diseases 


• detergents-affect aquatic life 

• sewage contains waste 
material & microbes 


domestic 

effluents 


dysentery 


cholera 


agricultural 

effluents 


fertilizers 
& pesticides 


Cryptosporidium 


fluorosis 


run-off 

increases NO^, & 
in inland water. 


hepatitis 


hookworm 


hazard to human health, 
animals & birds, 
affects aquatic life, 
reduces aesthetic quality 
unfit for drinking & washing 


jaundice 


leaching 
increases NO^ 
in ground water. 


typhoid 


www.iqbalkalmati.blogspot.com \ \J^ 





Environmental Chemistry Ih Water 


151 


ChemIsli '- X 


i EXERCISE 

Mufti pic Choice Questions 
Put a (>/ }on the correct answer 


1. Which one of the following properties of water is responsible for rising of 
water in piauts? 

a. specific heat capacity b. surl'acc lereion 

c. excellent solvent action d. capillary action 

2. Specific heat capacity of water is: 

a. 4.2 kJg 'K ' b. 4.2 Jg-’K“' 

c. 2.4 kJg'*K'‘ d. 2.4 Jg'K' 

J. Water di.ssolve$ non-ionic compound by: 

a. ion- ion forces h. ion-dipole forces 

c. dipole-dipole forces d. hydrogen bonding 

4. Temporary hardness is hecau.se of ; 

a. Ca(HCOi )2 b. CaCOi 

c. MgCO, d. MgSOj 


5. Temporary hardness is rentoved by adding : 

a. quick lime b. slaked lime 

c. limcstouc d. lime water 

6. Permanent hardne.ss is removed by adding: 

a. Nas zeolite. b. soda lime, 

c. lime water. d. quick lime. 

7. Which one of the follow ing salts makes the water permanently hard? 

a. Na 2 COj b. NaHCO? 

c. Ca(HCO-t )2 d. CaS 04 

8. Rapid growlli of algae in w ater bodies is because of detergent having 

a. carbonate salts. h. suiphonic acid salts. 

c. sulphate .salts. d. phosphate salts. 

9. Depiction of Oi from water is n(»t because of: 

a. decaying ol' aquatic plants. b. biodegradation of aquatic plants, 

c. rapid growth of aquatic plants. d. decomposition of aquatic plants. 
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!(J. Which tine of the following diseases causes liver inflammation? 


a. typhoid 
c. cholera 


b. jaundice 
d. hepatitis 


11. Which one of the following diseases causes severe diarrhea and can be 
fatal? 


12. Which one of the following gases is used to destroy harmful bacteria in 
water? 


13, Which one of the following ions docs not cause hardness in water? 


Ih. 1 he chemicals used to kill or control pests are called pesticides. They are 
a. dangerous inorganic chemicals. b. dangerous organic chemicals, 

c. beneficiai inorganic chemicals. d. beneficial organic chemicals. 

Short Questions 

1 . How water rises in plants? 

2. Which forces are re.sponsible for dissolving polar substances in water? 

3 Why non-pfjiar compounds arc insoluble in water? 

4. How water dissolves sug;ur and alcohols? 

5. How limestone dissolves in water? 

<• Differentiate betw'een soft and hard w'ater. 
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a. jaundice 

b. cholera 


b. dysentery 
d. typhoid 


a. iodine 
c. fluorine 


b. chlorine 
d. bromine 




14, A disca.se that causes bone and tooth damage ist 


a. fluorosis, 
c. cholera. 


b. hepatitis, 
d. jaundice. 


15. Ionic compounds are soluble in water due to: 


a. hydrogen bonding, 
c. dipole-dipole forces. 


b. ion-dipole forces, 
d. dipole- induced dipole forces. 
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I VvTiat are the causes of hardness in water? 

S. What arc the effects of temporary hardness in water? 

9. Mention the disadvantages of detergents. 

IM What is difference between biodegradable and non-biodcgradable substances? 

I I How detergents make the water unfit for aquatic life? 

I .. Why are pesticides used? 

1 h What are the reasons of waterborne di.seases? 

14. How waterborne diseases can be prevented? 

Extensive Question.s 

I . How polarity of water molecule plays its role to dissolve the substances? 

2 Explain the methods of removing pennanent hardness. 

?. Explain the w'ater pollution because of industrial waste. 

4. Justify the statement: household water is the reason of water pollution. 

5 . Explain agricultural effluents are fatal for aquatic life. 

6. Explain five important waterborne disea.ses. How can these be prevented? 

7. Give some disadvantages of hard water. 

8. What is water pollution? Describe the effects of using polluted water. 

9. Explain the reasons, why is water considered a universal solvent. 

1 0. Write a note on the treatment of sewage water. 
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Students I. earning Outcomes 

Students will be able to: 

• describe some metailurgical operations. (Applying); 

• make a list of raw materials for Solvay process. (Applying); 

• outline the basic rcacltons of Solvay process. ( Analyzing); 

• develop a flow slieet diagram of Solvay process. (Creating); 

' de.scribe the composition of urea. (Understanding); 

develop a llovv sheet diagram for the manufacture of urea, (Creating); 

" list the uses of urea. (Kcmcmbering); 

- define petroleum. (Rctnembering): 

> describe the formation of petroleum and natural gas. (Understanding); 

■ de.scribe the composition of petroleum. (Remembering); 

' describe briefly the fractional distillation of petroleum. (Applying). 

Intruductinn 

Chemical industries are established to meet the needs of modem societies. 
Metallurgy is the science of extracting metals from ores. Metals have played a major 
role m progress of societies. Since ages metals are used for making tools, machines 
and other items. In the modem age, although polymers have taken the place of metals, 
yei tlic importiince of metals cannot be ignored. 

Baking soda (NallCOfl and washing soda (NaCO.,) are used in daily life for 
different purposes. Solvay’ s process for the manufacturing of baklne and washing 
soda from common sail will be discussed in detail. 

154 
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Fertili/.ers are vila] for the growth and development of plants and crops. One 

of the important fenili/ers urea, is used to enhance the productivity of crops. Hence, 
the synthesis of urea has been explained here. 


In the modern age of comimmicalion. petroleum indusm has a groat 
significance. Petroleum products are used as fuel, solvent and lubricanLs. 
Pcijochemicals are used to manuhtenue a variely of hou.sehold items, plastics, 

detergents, rubber, etc. 

Pakistan industrial base wa.s very v^'eak at the time of independence. At the 
time of piutition, there were 921 big iiiduslriai unius in India, out of these only 34 
came to the share of Pakistan. 

After 1 he i ndcpendence, government made a tot of policies and encouraged the 
private sector to establLsh industrial units. Chemical industry was rapidly developed 
because the chemicals arc used for the manufacturing of aniinunilions. fertilizers and 
other substances of daily use. 

A lot of .steps and measures are taken to set up corpnnittons to facilitate loans 
and technical know-how lor the rapid development of industries. Pakistan is now 
producing chemicals, fertilizers, cement, steel, heavy engineering machines and tools. 


1 6.1 BASIC METALLt RC ICAL OPERATIONS 

First of all let’s leave definitions of terms used in metallurgical operations. 
Min frills 


The solid natural imiU'rials Jdiwd heneath the Earth ’s sutj^dee, which contains 
rotnpomuis trf metals in the comhhinf slate along with earthly impaniies, are 
called minerals. 

Ores 

Those minerab from which the mcials are e.xlracted comniercialfv at a 
rrnnparaiively la w cost with mmitmtfn effort are called ores of the metals. For 
e.umiple: ores of copper are; copper glance (CU2S) and chakapyrite 
{CitFeS2i. 

Hcncc, all ores of the metals arc minerals, but all minerals are not ores. 
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^.n.eres,lng InformatiOD 

The colour of hair is caused by the presence of transition metal compounds ^ 
in the liair. Brown hair contains iron or copper compounds, blonde hair contains 
compounds of titanium and redhead hair is because of the presence uf 
mulvbdenum compounds. 


Ganj>ue 


The earthly ami other impurities assoetated with the minerats are known as 

gangite. 

Metallurgy 

The process of extractUm of a metal in a pure state on a large scale from its 
ore by physical or chemical means is called metalhtrgv. 

The processes involved in metallurgy for extraction of a metal in the pure 
slate from its ore arc: 


> 1 ) concentration of the ore; 
ui i extraction of tlie metal, and 
'III) refining of the metal. 

(i) Concentration of the Ore 

The process of removal of gangue from the ore is technically known as 
concentration and the purified ore is culled the concentrate. Concentration of 
the crushed ore is carried out by the followins methods: 

(al CJravily separation 

Gravity separation is based on the diff erences in densities of the nietallic ore 
and the gangue particles. 

In the process, the powdered heavy metal bearing ore .settles down on 
agitation in a stream of water, while the lighter gangue panicles are carried 
away by the w'aier a.s shown in figure 1 (>, 1 . 
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Water +_ 
Gangu© 



Water 


Concentrated or© 


L J 

Fig. \6A ntuvity Jicparaiicm 


(b) 


(c) 


Froth riotutian process 


froth flotation process is based on the weftw}t characteristic of the ore and 
the gangue particles with oil and water, respectively. 

The ore particles are preferentially wetted by oil and the gangue particles by 
water. The whole mixture is agitated witli compressed air. Hence, oil coated 
ore particles being lighter come to the surface in the I'onn of froth that can 
be skimmed as shown in figure 16.2. 



Gangue 


Fig. 16.2 Fnill! Hotalitjn process 
Electromagnetic separation 

Klectromagnenc separation is bused on the separation of magnetic ores from 
the non-magneric impurities by means of electro-magnets or magnetic 
separators. 

The powdered ore is dropped over a leather belt moving over two rollers, one 
of which is magnetic. The noii-magnclic ore falls llrsl and the magnetic ore 
gets attracted and falls farther away as shown in figure 16.3. 
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Fiji 16.3: Magnetic stpEtnition 

(ii) Kxtracliun of the tiieta] from the concentrated ore 

The metal is isolated from the concentrated ore by chemical reduction 
or electrolytic processes. 

Chemical methods ol reduction of ore involves following methods: 

(«t) Koa.stiiig. It is a process of heating the concentrated ore to a high tcniperaiure 
in excess of air. For example; copper pyriie (CuFeS.) is strongly heated in 
excess ol to convert it into a mixture of cuprou.s sulphide and ferrous 

sulphide (CU 2 S + FeS). While impurities i-cact with oxycen to form volatile 
oxides. Such as 

2CuFeS2(,, + 02,g, ► Cu2S„, + 2FcSr„ + SO.,gi. 

(b( Smelting: It is further heating the roasted ore vvith sand flux and coke in the 
presence of excess ol air in a blast furnace a.s showm in figure 16.4. It is 
highly exorhcnnic process, therefore, a small amount of coke is required in the 
piocess. In the process, first ferroas sulphide oxidize to form ferrous oxide 
which reacts wiih sand to form iron silicate slag (FeSiO,). It beine lighter rise 
to the fop and is removed from the upper hole. 

2FcSfs) + 30., gj ^ 2 FeO,sj + 2 SO 2 ,,, T 

FeO,„ + Si 02 „j ► FeSiO,,(j 

On the other hand, cuprous sulphide also oxidize to form cuprous oxide which 
reacts with unroacted ferrous sulphide to form feirou.s o.xide and cuprous 

rr ct" and ferrous sulphide form a mixture 

(c.ujii.heb). This molten mixture is called matte. 

Ii is wilhdtau ti Irum the louer hole. It cuntains about 43*'4 of copper. 

2Cu 2S(^ + 30., p, ^Cu.Of,, + 2S0.,g,t 

Ou.Ots, + FeS(s, Cu2S,)ii + FeO,^ 
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Matte 


Gases 


blast 


Twyers 


Fig. 16.4 Blase furime for smelting of copper 

Ba.ssemerizatinn: It is the further heating of the niolten matte in a pear 
shaped bessemer converter as shown in figure 16.5. It is fixed on a pivot, so 
that tt can be lilted in any direction. Molten matte is mixed with sand ^d 
heated with a hot blast of air thiough twyers. Ferrous sulphide is oxidized to 

form ferrous oxide. Which reacts with sand to form slag (FeSiOj) that floats 
on the lop. 

2FeSf.) + 302,,, ► 2FeO,., + 2S02^, 

+ SiOji,, ► Fe giOsn) 

On the other hand, cuprous sulphide is oxidized lo form cuprous oxide, which 
again reacts with remaining cuprous sulphide to form melallic copper. 

2Cu2S,s, + 302(g, ^ 2 Cu 30 ,/) + 2S02(g,t 

2Cu20(i) + Cu2Sfs) ► 6Cu(/) + * S02(g)t 



Steel 


Slag 

Metallic 

copper 


Fig. 16.5 Bessemer converter used for bessemeri/ation of copper. 
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The molten metal is shifted from the converter to sand moulds and is allowed 
to cool. 'I he dissolved gases escape out forming blisters on the sutface of the solid 
copper. Therefore, it is called blister copper. It is about 98% pure copper. It is liirthcr 
refined by elecirolysi.s. 


(ill) Refining or puriftcation of the metal 

Rcfitiing the impure metal by electrolysis is the most widely used process of 
refining metals. For example, electrolytic refining of copper is carried out in an 
electrolytic tank having copper sulphate solution in it as shown in figure 16.6. Two 
electrodes: one of impure copper metal that act.s as anode and the other of pure copper 
metal that acts as cathixie are suspended in the electrolytic solution. 

On pa.ssing the electric current through the solution, anode (impure copper) 
di.ssolves to provide Cir^ ions to tlic solution. These Cu"'*' ions are discharged by 
gaining of electrons from the cathode. Thereby copper atoms deposit on the cathode, 
making it thick block of pure copper metal as is shown in figure 16.6. The impurities 
like gold and silver settle down as anode mud. 




Impure 

Pure copper 
cathode 


Electrolyte 
sulphuric acid 
and copper 
sulphate 


Anode 
has been 
eaten away 


'Anode 

mud 


copper 
deposits 
at cathode 


Fig, 16,6 Electro-refining of copper. 


In the process, impure copper from the anode dissolves and goes into the 
copper sulphate solution. Side by side, pure copper ions from the solution deposit on 
the eathode. Thus, cathode becomes a pure copper metal. Tlie impurities like gold and 
silver .settle down as anode mud 


_ , , Removal of 

Removal of Impuritfes 

Impurities impurities gg 


' Crushed 


I^Joncentraled"^ 


Roasted ore ^ 


ore 

; ^ 

Concentration 

: Ore CuFeS;.^ 

Roasting 

Cu,S+FeS J 

Sn>elting 


frotri 

flotation 


Removal of Impurities ae slag 


^ Pure copper 


■ Blister copper"' 


'"^melted ore 

99.9% J 

Electrolytic 

98% ] 

4 — 

Bessamelzation 

^ CUi>S*FeS 


refining 


Fig, 16.7 Flow sheet diagram for extraction of copper 
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16.2 MANUFACTURE OF SODIUM CARBONATE BY 
SOLVAY’S PROCESS 

Principle of Solvay’s process lies in the low solubility of sodium bicarbonate 
at low temperature i.e. at 15®C. When CO 2 is passed through an ammonical solution 
of NaCI called ammonical brine only NaHCOii precipitates. 

Na"'^(aq) + HCO 3 (sq) NallCOjfs) 

16.2.t Raw Materials 

The raw materials needed for tliis process arc cheap and easily available. They 
are in abundance, such as, 

(i) Sodium chloride (NaCI) or brine. 

(ii) Limestone (CaCOO. 

(Hi) Ammonia gas (NHj). 

lb.2.2 Ba.sic Reactions 

The process consists of the following steps; 

(i) Preparation of ammonical brine: 

First of all ammonical brine is prepared by dissolving ammonia gas in sodium 
chloride solution (brine). 

(ii) Carbonaliun uf ammonical brine: 

Ammonical brine is fed into carbonating tower and carbon dioxide is passed 
through it. Following reactions lake place in the carbonating tower. 

C02(ci + NHjigi + H20(1i ► NH4HC03(aq) 

NH.,HC 03 taq) + NaCI (brine) ► NaHCO,(*) + NH 4 CI(,q, 

The temperature of the mixture is lowered to 15**C and precipitates of 
NaHCOn arc obtained. 


/. Define concentration process used in metallurgy of copper, 
ii. Why a small amount of coke is required in the smelting 
process? How is slag fomiecf during smelting. 

Hi. Why is lime added in the smelting process? 

iv. How are slag and matte removed from the blast furnace? 

V, What is difference between slag and matte ? 

Vi. Mention the chemical reactions for the formation of metallic 
copper in the bessemerization process, 
vll. What Is blister copper? 

via. Why anode is eaten up in electro-refining process? 
ix. What do you mean by anode mud? 
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(iii) Filtration precipitates: 

The milky solution from the carbonating tower is filtered to get sodium 
bicarbonate. It is used as a baking soda. 

(iv) Calcination: 

Sodium carhotuUe is heated to get sodium carbonate. 

A 

2NaHCOi(s) ► Na2CO.i(sj + C02<g> + HsOfg) 

CO: is again used in tower. It i.s about half of CO: needed in the process. 

(v) Preparation of carbon dioxide and slaked lime: 

CO: is prepared by heating limestone in a lime kiln. Then it is carried to 
carbonating tower 

CaCO^mj ^ CaO(,) + COajgj 

Quick lime (CaO) formed in lime kiln is slaked with water. Then, it is pumped 
to the ammonia recovery tower. 

CaO(s, + HiOfi) ► Ca(OH): 

(slaked Uint*) 

(vi) Ammonia recovery tower: 

Ammonia is recovered in this tower from ammonium chloride solution 
produced m the carbonated tower and calcium hydroxide formed in lime kiln. 

2NH4Cl(am + Ca(OH):,^, ► 2NH,,g, + CaCl:(^, + 2H:On, 

In lad, all ammonia is recovered in this tower and is reused in the process 
There are minor losses of ammonia in the process which are compensated by usinc 
some fresh ammonia. 

Brine 



Rg. I6.8r Flow sheet diagram of SoJvay’s PrtKess for the manufaeturing of sodium carbonale. 
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Advantages of So!vay*s process 

(i) It is a cheap process as raw materials are available at very low prices. 

(ii) Carbon dioxide and ainiuonia are recovered and reused. 

(iii) Proce.ss is pollution free, because the only waste is calcium chloride solution. 

(iv) Sodium carbonate of very high purity is obtained. 

fv) Consumption of fuel is very less since no solution is to be evaporated. 

Pakistan is self-sufficient as lar as demand of sodium carbonate is concerned. 

Imperial Chemical Industries (ICI) Khewra (Jhelum) is producing enough 
sodium carbonate. This unit wa.s established in 1944 in Khewra because abundant raw 
material sodium chloride is available here. Sindh alkalies limited was established near 
Karachi in 1 9fi6. 


Sodium eiU"bonate and sodium bicarbonate are impiortant industrial chemicals 
and arc used by many industries. 



L Why only NaHCOs precipitates, when CO2 is passed 
through the ammonical brine? 

II. Which raw materials are required for the formation of 
sodium carbonate? 

III. Howls COs prepared in We Sotvay's process? 

iv. Give the reaction of formation of ammonia In the 
process. 

V. Give the advantages ofSolvay's process. 
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163 [S^anufucture of Urea 

Urea is nitrogenous fertilizer. It consists of 46,6% nitrogen. It is white 
crystalline compound, highly soluble in water. It is used for the manufacturing of 
important chemicals, but its major (about 90%) use is as a fertilizer. 

16.5.1 Raw Material 

The raw materials for the manufacturing of urea are: 

(i) Ammonia (NHO (ii) Carbon dioxide (CO 2 ) 

Ammonia is prepared hy the “Haber’s process”. One volume of nitrogen (from 
air) and three volumes of hydrogen (obtained by passing methane and stctuii over 
heated nickel catalyst) is passed over iron catalyst at 450"C and 2(X) atm pressure. 

450“C 

N:(g} + ■ *■ 2NH3(g) 

200 aim 

16.3.2 Process 

Manufacturing of urea involves three stages: 

(i) Reaction of ammonia and carbon dioxide: Carbon dioxide is passed 

through liquid aimuouia under high pressure to forni ammonium carbamate 

A 

2 NII 3 + CO; ^ NH2COONH4 

Ammonium carbiunate 

(ii) Urea rurmation: When ammonium carbamate is evaporated with the help of 
slcam, it dehydrates to fonn urea, 

NH2C00NH4 ► NH2CONH2 + rizOT 

(Urea) 

(iii) Granolation of urea: At this stage, liquid urea is evaporated to ibrrn 

granules. When liquid urea is sprayed from top of a tower under pressure and 
a hot current of air is introduced from the base, it evaporates to form granules. 
This is stored to be marketed. 
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Fig. 1 6.9 FItiw sheet diagram of Urea 


Importunce and Status of Urea 

It i.s white crystalline organic compound. Its importance is because of 
following usage: 

(i> Urea is widely used world over in the agriculture sector both as a fertilizer and 
animal feed additive. About 90 % of urea is used as fertilizer. It has the highest 
nitrogen percentage, i.e. much higher than other nitrogenous fertilizers. It is 
harmless and is useful for all types of crops and soils. 

It is non-toxic, non-explosive, therefore, can be stored safely. Bui it is very 
soluble in water and hygroscopic, therefore, storage requires better packing. 

(ii) It is used as a raw material for the manufacture of many important 
compounds. 

(iii) It is used to make explosives. 

(iv) It is used in automobile systems to reduce the NO» pollutants in exhaust ga.ses. 

There are about six urea manufacturing units in Pakistan. The major four are 
Fauji Fenilizer company; Engro Chemicals: Fauji Fertilizer, Bin Qasim and Dawood 
Hercules company, Fauji Fertilizer is the biggest fertilizer manufacturer with 59% 
market shares. 

Government provides an indirect subsidy to manufacturers but this industry is 
still facing supply shortfall problems. The price of urea has grown since the last years. 



yourself 16,3 


/. What happens when 
ammonium carbamate is 
heated with sfeam? 

//. How many stages are 
involved in the formation 
of urea‘s 

iii. What is the percentage 
of nitrogen in urea? 


Crops need phosphonis and nitrogen 
to grow welL, Akhoiigh. there is 
nitrogen in air yet it can't he 
assimilated directly by plants. 
Therefore, temiizers are used to 
provide these essaitial elemems 
to soil and ultimately plants. 
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Natural Fertilizers are better than Synthetic Fertilizers. 

Fertilizer is a substance added to soil to improve plants' arowth 
and yield. 

Natural Fertilizers contain all natural biodegradable materials 

^ foliage of plants. These materials 

are decomposed by bactena. Decomposed materials contain useful nutrient for plants. 

Organic matter is essential pari of fertile soil. Uses of naturat fertilizers return the nutrients 
and organic matter of soil. 

They improve the soil condition to support plant growth. 

• They improve the porosity of the soil to make it capable of absorbing water. Thus 
improves crops production. 

• They improve the structure of soil which in turn allows more air to get to plant 

roots. ^ 

The chance of water shortage because of the moisture holding capacity pf soil 

inctesseSm 

• Natural fertilizers practically do not contain toxic chemicals. Thus, they do not 
damage the soil and crops yield increase. 

Chemfc^ F^lllzers include one or more of the three elements most important for 
plant nutrition; nitrogen, phosphorus and potassium. 

• They release the nutrients very fastly. 


16.4 PETROLEUM INDUSTRY 

1ft, 4. 1 Petroleum 

Pptr^l f found under the Earth's crust trapped in rocks 

In^rlrnTh of several gaseous, liq^d and solid 

aild isTnstSleT,"^ "• “ “ than water 

16.4.2 Origin of Petroleum 

Petroleum was formed by the decomposition of dead plants and animals 
buned under Earth’s crust millions of years ago. It is believed that milHons of years 
ago Irvmg plants and animals in the seas died. Their bodies sank and buried under 
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mud and sand. Then decomposition process look place in the absence of an because 
of high pressure, temperature and bacterial effects. This process took millions of 
years for completion. Thus, reinains of dead plants and animals were converted mlo a 
dark brownish viscous crude oil. It was trapped between two layers ot impervious 
rocks, as shown in figure 16. 10. 



Pig. 16.10 Occurrence of petroleum 

Being lighter and insoluble In water it floats over the water and forms an oil 
trap. The gaseous products accumulated over the petroleum are found as natural ga.s. 

Petroleum is extracted by drilling holes (oil weUs) into Earth’s crust where the 
oU is found. When a well is drilled through the rocks, natural gas comes first witli a 
great pressure. For some lime crude oil also comes out by itself due to gas pressure. 
When gas pressure subsides, then crude oil is pumped out. 

The crude oil is refined in the refineries. Refining process is the separation of 
crude oil mixture into various useful product.s (fractions). It is carried out by a 
process called fraeiional distiUaHon. The principle of fractional distillation is based 
upon separation of substances depending upon their boiling points. The substances 
having low boiling points boil out first, leaving behind others. Then next fracuon of 
slightly higher boiUng point boils out. This process remain continue untU a residue is 
left behind. The vapours of each fraction are collected and condensed sepai ately. 

Tlic fractional distillation of petroleum is carried out in a tall fractionating 
lower as shown in figure 16,1 1. 
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The crude oil is heated iu a lumace upto a temperature of 400X under high 
pressure. Then vapours are passed through a fractionating column from near its 
bottom as shown in figure I6.I I, Hot vapours rise up in the column and gradually 
cools down and condense. Such that vapours ot higher boiling point traction 
{350 400 C) condense first in the lower part of the tower, while vapours of medium 
and lower boiling point fractions rise upwards in the tower and condense gradually 
with respect to their boiling points at different levels. In this way, crude oil is 
separated into six hydrocarbon Ifaciions as discus.sed below. Each fraction has its 
specific boiling range, composiiion and uses. 


Petroleum 
(Crude oil) 



Petroleum gas (upto 25 *C) 


Petroleum (30 to 80 ®C) 

(Ether) 

Gasoline (80 to UO^C) 
(Petrol) 

Kerosene oil (1 70 to 250 “C) 
Diesel oil (250 to 350 'C) 
Fuel oil (350 to 400 “C) 


Furnace 


Residua) oil (above 400 ‘G) 


Fractionating 
column 


Crude oil 
vapours 


Fig 16.11 Fractional distillaiiuM of petroleum. 


16.4.3 liiipurtant Fractioas of Petroleum 

Each fraction is not a single compound. Rather each one is a mixture of 
hydrocarbons having different number of carbon atoms in it. The name of each 
fraction, its molecular composition, boiling range and uses are given in the following 
table 16.2: 
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Table 16.2 Fractions of Petroleum 


I Name 

Compos'ition 

Bolling range 

^ ■ — ■ 

Uses 

Petroleum Gas 

C| to C 4 

up to 25‘C 

As a fuel, as such in the form 
of LPG. used for the 
production of carbon black 
(needed In tyre industry) and 
hydrogen gas (needed to 
form NH3 used to 
manufacture fertilizer). 

Petroleum Ether 

C 5 to C7 

30 to 80' C 

Used as laboratory solvent 
and for dry cleaning 
purposes. 

Gasoline or Petrol 

C 7 to Cio 

80 to 170*C 

Used as fuel in motor cycles, 
motor cars and other light 
vehicles. It is more volatile 
than kerosene oil. It is also 
used for dry cleaning. 

Kerosene oil 

C 10 ^15 

170 to 250‘C 

Used as domestic fuel, a 
special grade of it Is used as 
jet fuel. 

Diesel oil 

Ci3 to Ci5 

250 to 350‘C 

Fuel for buses, trucks railway 
engines, tubewell engines 
and other heavy 
vehicles. 

Fuel oil 

Ci 5 to Cta 

350 to 400‘C 

Used in ships and industries 

to heat boilers and furnaces. 

.1 


The residual oil, which does not vapourize under these conditions is collected 
and heated above 400°C for I'urlhcr fractional distillation. The four fractions of 
residual oil are: 


lubricants; paraflin wax; asphalt and petroleum coke. 
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' Test 
yourself 16.4 


i. Define petroleum. 

II. How is petroleum 
extracted? 

Hi. What is principle of 
fractional distillation ? 

tv. In how many fractions 
crude oil is separated? 

V. What do you mean by a 
fraction of petroleum? 


Information © 

TIk: diesel fuel sold in winter is different ^ 
mixture of hydrocarbons from the mixture 
sold in summer. This is because diesel sets 
ratlier like Vaseline at a little below (1 “C and 
will not woric as a fuel. More of the lighter 
jraciions are added in winter to prevent this. 



Different types of fire require different methods to extinguish. 
The things needed to start and sustain fire are: 

Fuel: The substance that bums in the combustion process, eg 
wood, oil and electricity. 

V ... . component of the fire when it comes in contact with 

, prov,des m epprgy necessary tor tgnICen end sustaining canreusUon pr^s 

Air(oxygen): it is essential component for combustion process. 

asuaan ^ "■« t«!ciras tual 

oxygen and heat energy to come together in a very specific way. 

cun. , '"f ^bcva-manlionad cpmppnants 

Whan tuals are didarent. they require dittereni techniques to put them out. 

he., "T ‘•y ""•““""S «oler on it. Water uses large amount ot 

ot heat “ " absorbs huge amount ot heel end deprive the wood Pro 

of heat and it is not possible for fire to be sustained. 

tinhinr i^a ' because oil and water do not mix Oil beina 

oTol rr ' “!! "■ step spreads along with water To put 

baaing sridZZTmee “'p sol, ot 

I'Z'm T “'"“'’9''" "P POP'S® Of heat is electrical 

;:Co:r °^9®® ®pppv .. .. jeX 
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Chemistry as a career in industry. 

By studying chemistry one can be a professional chemist. He 
studies the composition and properties of available chemicals. Then he 
develops methods to manufacture new substances on commercial 
scale to meet the needs of society. He also designs and develops 
instruments and techniques to make die production more and more 
economical. 

Chemists can have working opportunities in almost all fields of Industry depending 
upon their areas of specialization. 

Organic chemists have career in pharmaceutical, petroleum, petrochemicals, 
cosmetic, polymer and plastic industries. 

Inorganic chemists work in metallurgical industries: manufacturing industries like 
textile, cement, sugar and chemicals; manufacturing plants tike fertilizer, acids and caustic 
soda. 

Physical chemists have working opportunities in energy transformation industries. 
They develop new and better energy sources. They explore renewable energy delds. 
Analytical chemists work in almost all fields of industry. They identify the materials, 
measure their quantities and control the quality of the products. They evaluate the 
efficiency and devise techniques to enhance the production. They have working scope 
from food and beverage industry to paints and varnish industry. They work even in 
generating units. Besides these major career opportunities there are many o&ter types of 
chemists such as biochemists, food chemists, material chemists, etc. 


Good communication skills promote the sale. 

Communication is the exchange of information to others through audio, 
video, print or electronic media. 

Good communication skills help ensure the efficient operation of all 
levels of an organization, from lowest to highest, whereas poor 
communication skills often result in inefficiency. Successful business 
leaders know, inefficiency equals a loss of productivity and consequently, a loss of profits. 

Moreover, communication can make the difference between success and failure 
for a company. Therefore, in the field of chemical industry good communication skills are 
also vital. 
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Key Points 


Metalfurgv »s technique by which metals are extracted from their ores. 

Concentration is a separating technique io which mineral is separated from gangue. 

Sodium carbonate is manufactured by Sofvay’s process. The raw materials used in 
this process are sodium chloride, carbon dioxide and ammonia. 

Ammonical brine is prepared by dissolving ammonia gas in sodium chloride 
solution. When this solution is carbonated; first NH4HCO3 forms, which reacts with 
NaCI to form NaHCOa 

NaHCOj on heating produces Na^COa. 

Urea is manufactured from ammonia and carbon dioxide. First Ammonia and 
carbon dioxide react to form ammonium carbamate. On evaporation, it dehydrates 
to form urea. , 

Petroleum is a complex mixture of hydrocarbons, it forms by the decomposition of 
dead animals and plants buried under the Earth's crust. 

Crude oil is pumped out and then refined in the refineries. Refining is carried out 
by fractional distillation on heating crude oil at 400“C> 

The important fractions of petroleum are; petroleum gas, petroleum ether, petrol, 
kerosene oil, diesel and fuel oil. 

,1 

The residual oil is heated above 400*^0 to produce lubricants, paraffin wax, asphalt 
and petroleum coke. ' 
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Basic 

Metallurgical 

Operations 


Concentration 


• Gravity separation 

• Froth flotation process 

• Electromagnetic separation 


electrolysis 

anode - impure metal 

cathode - pure metal 


Sotvay's Process 




Raw Materials 

• Sodium chloride 

• Lime stone 

• Ammonia gas 




Basic Reactions 

• preparation of ammonical brine 

• carbonation of ammonical brine 

3 separation of sodium bicarbonate 

• preparation of carbon dioxide 
» recovery of ammonia 


Manufacture 

of Urea 




Raw materials 

* ammonia 

• carbon dioxide 



Process 

• reaction of NH, & CO^ 

• urea formation 
granulation of urea 



• Advantages 
cheap raw 
materials 
pollution free 

• produces 
pure product 
low consumption 
of fuel 


Uses 

• 90% use as 
fertilizer 

• raw material 
for explosives 


• petroleum gas 

• petroleum (Ether) 
<= gasoline (Petrol) 

• kerosene oil 

• diesel oil 


\ 


(• residual oil 

) 



0 lubricants 

• paraffin wax 
» asphalt 

• petroleum coke J 
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Multiple Choice Questions 
Put n (y/ >on the correct answer 


Chemical Industri es 

i L I 


l- Concentration is a 

a. mixing technique b. separating technique 

c. boiling technique d. cooling technique 

2. Froth flotation process is used to concentrate the ore on; 

b. concentration basis 
d. magnetic basis 

b. CuiO and FeO 
d. CuS and FcO 

b, molten matte is removed 
d. molten matte is added 

Cnncentrarion of the copper ore is carried out by: 

a. calcinations b. roasting 

c. forth notation d. distUlation 


a. density basis 
c. wetting basis 

^ Matte is a mixture of: 
a. FeS and CuS 
c. CujS iuid FeS 

4. In the hessemerization process: 
a. roasted ore is heated 
c. molten matte is heated 


6. When CO. is passed through the ammonical brine the only salt that 
precipitates is: 

a. NaHCO, NH 4 HCO, 

c. Na 3 C 03 d. (NH 4 ) 2 C 0 , 

7- In Solvay’s process slaked lime is used to: 

a. prepare CO 2 b. prepare quick lime, 

c. recover ammonia a. form NaiCO., 

>*• When NaHCOj is heated it forms: 

b. Ca(OH )2 

d. CaO 

b. NH2COONH2 
d. NH3CONH2 


a. CO 2 
c. CaCOi 

Formula of urea is: 
a. NH2CQONH4 
C. NH2CONH4 
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10. Crude oil is heated in the furnace upto: 


a. SOO^C 
c. 400°C 


b. 350X 
d. 450X 


1 1. When heated crude oil is fed to the fractionating tower 

a. vapours of higher boiling point fraction condense llrsl in the lower part of 
the tower 

b. vapours of lower boiling point fraction condense first in the lower part of 
tower 

c. vapours of higher boiling point condense later in the upper part of tower 

d. vapours of higher boiling point never condense 

12. Which one of the following is used as jet fuel: 

a. kerosene oil b. lubricating oil 

c. fueloil d. diesel oil 

13. Which one of the following is not fraction of crude oil? 

a. paraffin wax h. asphalt 

c. fuel oil d. petroleum coke 

14. Which one of the tbllowings is not a fraction of petroleum? 

a. kerosene oil h. diesel oil 

c. alcohol d- petrol 

15. The nitrogen present in urea is used by plants to synthesize 

a. sugar h. proteins 


16. Which one of the following organic compound is found in gasoline? 


Short Questions 

1 . What role is played by pine oil in the froth flotation prtK-ess? 

2. Name the various metallurgical operations. 

3. How is roasting carried out? 

4. Explain process of eiectrorefining. 

5 . W hat are th e adv antages of Solv ay’ s process? 

6. What is the principle of Solvay’s process? 
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d. DNA 


a. C;H4 
c. CsHtR 


b. CjHb 
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Whal happens when ammonical brine is carbonated? 

How N;iHCn» is conveited to NibCO*? 

9. How is ammonia recovered in the Solvay’s process? 

1 0. How is ammonia prepared for the synthesis of urea? 

1 1. Describe the formation of petroleum, 

1 2 What is refining of petroleum and how it is carried out? 

1 3 Give a use of kerosene oil. 

I 1 Describe the difference between diesel oil and fuel oil. 

Write down the names of four fractions obtained by the fractional distillation 
10. of residual oil. 

lb. What is the difference between crude oil and residual oil? 

17. Which petroleum fraction is used in dry cleaning? 

Exiensivc* Question.s 

1. De.scribc in detail the various processes involved in the concentration of ore 
txplain your answer with the help of diagrams. 

Kxplain the process of roasting with reference to copper. 

Write a detailed note on Ammonia Solvay’s process. 

Write a note on fractional di.si illation of petroleum. 

I low urea is manufactured? Explain showing the How .sheet diagram. 

giving a specific 
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rw. 

* uh 

Chapter 9 

(I) 

24.5 mol dm ’ (2) 

0.019 

f3> 

1.09x10' 

0.14 mol dm“^ 

^limvrivah 

C:hapU*r 10 

( 1 ) 

pHO.4; prjH 13.6 ( 2 ) 

pH 1.3 

(4) 

Solution 

fin 


(1) 0.J5 M HI 

15x10"“ 


(ii) 0.040 M KOH 




(ill) 0.020 M BafOH), 




(iv) 0.000.30 M HCIO 4 

3x10-' 


(v) 0.55 M NaOH 

_ 


(vi) 0.055 M UCI 

55x10"’ 


(vii)0.055 M Ca(OH), 

— 


) pH 2.4; 

pOH 11.6 


[OH ] 

pIJ 

pOH 

— 

0.«2 

13.12 

4x10"^ 

12.6 

1.4 

4x10"* 

12.6 

1.4 

— 

3.52 

10.48 

55x10-- 

13.74 

0.26 

- 

1.26 

12.74 

11 x10"- 

13.04 

0.96 


GLOSSARY 


Acid rain Is formed by dissolving acidic air 
pollutants such as sulphur dioxide and 
nitrogen dioxide by rain water. 

Acidic salts are formed by partial 
replacement of a replaceable H* ion of 
an add by a positive metal ion. 

Alkanes are the simplest hydrocarbons in 
which each carbon Is attached through 
single bonds with other atoms. They 
have general formula 

Alkenes are unsaturated hydrocarbons 
having double bonds. They have 
general formula 

Alkyl radicals are derivatives of alkanes. 
They are formed by the removal of one 


hydrogen atom from an alkane 
molecule. 

Alkynes are unsaturated hydrocarbon 
having a triple bond in their molecules. 
They have general formula 

Amino acids are organic compounds 
consisting of both amino and carboxyl 
groups. 

Ammonical Liquor (s a solution of 

ainmorifa gas in water. 

Amphoteric is a substance that can 
behave both as an acid and as a base. 

Arrhenius acid is a substance that contains 
hydrogen and produces H* ions In 
aqueous solution. 
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Arrhenius base is a substance that 
contains the hydroxyl group and 
produces hydroxide OH ions in 
aqueous solution. 

Atmosphere is the envelope of different 
gases around the Earth, It extends 
continuously from the Earth's surface 
outwards without any boundary. 

B 

Basic salts are formed by the incomplete 
neutralization of a polyhydroxy base by 
an acid. 

Bronsted-Lowry base is a substance that 
can accept a proton from another 
substance. 

Bronsted'Lowry acid is a substance 
(molecule or ion) that can donate a 
proton to another substance. 

C 

Capillary action is the process by which 
water rises up from the roots of plants 
to leaves 

Carbohydrates are macromolecules 
defined as polyhydroxy aldehydes or 
ketones or the organic compounds 
which produce polyhydroxy aldehydes 
or ketones on hydrolysis. 

Catenation is linking of carbon atoms with 
one another through covalent bonds to 
form long chains or rings of carbon 
atoms. 

Chemical equilibrium state is one at which 
forward reaction and reverse reaction 
takes place at equal rates but in 
opposite direction. 

Coal Gas is mixture of hydrogen, methane 
and carbon monoxide. 

Coal is blackish complex mixture of 
compounds of carbon, hydrogen and 
oxygen. 


Coal Tar Is a thick black liquid. It Is a 
mixture of more than 200 different 
organic compounds, mostly aromatic. 

Coke is 98% carbon. It is left behind as a 
residue of coal. 

Concentration is a separating technique In 
which mineral is separated from 
gangue depending upon their wetting 
abilities. 

Crude oil is dark brownish viscous liquid. 

Destructive distillation is strong heating of 
coal in dosed retorts in the absence of 
air. 

Dynamic equilibrium state is one at which 
reaction does not stop, rate of forward 
and reverse reactions become equal to 
each other but take place in opposite 
direction. 

E 

Equilibrium constant is a ratio of the 
product of concentration of products 
raised to appropriate power of 
coefficient to the product of 
concentration of reactants raised to the 
appropriate power of coefficient as 
expressed In the balanced chemical 
equation. 

F 

Fatty acids are building blocks of lipids. 
They are long chain saturated or 
unsaturated carboxylic adds. 

Functional group is defined as an atom or 
group of atoms which gives 
characteristic properties to organic 
compounds. 

G 

Greenhouse effect is rising of temperature 
because of trapping of heat energy by 
carbon dioxide gas in the atmosphere. 


www.iqbalkalmati.blogspot.com : ^ 



Glossary 


179 


Chemistry X 


H 

Hard water does not produce lather with 
soap. 

Hydrocarbons are compounds made up of 
only two elements carbon and 
hydrogen. 

Hydrogenation means addition of 
hydrogen In alkenes and alkynes. 

I 

Irreversible Reactions are those in which 
products do not recombine to form 
reactants. 

Industrial waste is by-products (chemicals 
and waste materials) discharged either 
to open ground or to water channels. 

L 

Law of mass action rate of a chemical 
reaction is directly proportional to the 
product of the concentrations of its 
reactants raised to power equal to their 
number of moles as in the balanced 
chemical equation. 

Lewis acid is a substance (molecule or ion) 
that can accept a pair of electrons. 

Lewis base is a substance that can donate 
a pair of electrons. 

Lipids are macromolecules made up of 
fatty adds. 

M 

Mesosphere is next to stratosphere and 
extends upto 85 kilometre from the 
Earth's surface 

Metallurgy is the technique in which 
metals are extracted from their ores by 
applying different operations. 

Mineral is a naturally occurring substance 
that contains a metal to be extracted. 

Monosaccharides are the simplest sugars, 
which cannot be hydrolyzed. They 
consists of 3 to 9 carbon atoms. 


Natural gas is a mixture of low molecular 
mass hydrocarbons. The main 
component about 85% is methane, 
other gases are ethane, propane, and 
butane. 

Normal salts are formed by the total 
replacement of ionizable H* ions of an 
acid by a positive metal ion or NH^* ion. 

O 

Oligosaccharides give 2 to 9 units of 
monosaccharides on hydrolysis 

Ore is a natural deposit containing mineral 
of an element to be extracted. 

Organic compounds are compounds of 
carbon and hydrogen and their 
derivatives. 

Ozone hole is the region in which ozone 
layer depletes in atmosphere. 

Ozone is an ailotrope of oxygen. Its 
maximum concentration called ozone 
layer lies in stratosphere region about 
25 to 30 km away from Earth' s surface. 

P 

Permanent hardness is because of 
presence of sulphates and chlorides 
salts of calcium and magnesium. 

Pesticides are dangerous organic 
chemicals used to kill or control pests. 

Petroleum is a dark brownish or greenish 
black coloured viscous liquid. 

pH is the negative logarithm of molar 
concentration of the hydrogen ions. 

Pollutants are waste materials that pollute 
air, water or soil. 

Polysaccharides are the carbohydrates 
consisting of hundreds to thousands of 
monosaccharides. 

Primary pollutants are the waste or 
exhaust products driven out because of 


www.iqbalkalmati.blogspot.com : ^ 



Vhemistry X 


180 


combustfon of fossil fuels and organic 
matter. 

Proteins are highly complicated 
nitrogenous compounds made up of 
amino acids. 

R 

Reduction means addition of nascent 
hydrogen. 

Refining process is the separation of crude 
oil mixture into various useful products 
(fractions). It is carried out by a process 
called fractional distiitation. 

Reversible reactions are those in which 
products can recombine to form 
reactants. 


Roasting is heating of concentrated ore in 
a furnace in the presence of air. 


Salt Is defined as an ionic compound 

composed of a metallic cation and non 
nietallic anion 

Saturated hydrocarbon is compound in 
which all the four valencies of carbon 
atoms are fully satisfied (saturated) by 
single bonds with other carbon atoms 
and hydrogen atoms. 

Secondary pollutants are produced by the 

various reactions of primary pollutants 
with water. 


Smelting fs the further heating of the 
roasted ore, flux of sand and coke in a 

ast furnace in the presence of excess 

Of air. 


Soft Water is that produces good lather 
With soap 

Stratosphere region covers the 
atmosphere from 12 to about 50 
Kilometres. 


Strong acids and bases are those that can 
ionize completely. 

Substitution reaction in which one or 
more hydrogen atoms of a saturated 
compound are replaced with some 
other atoms {like halogen) 


Temporary hardness is because of 
presence of bicarbonates of calcium 
and magnesium. 

Thermosphere lies beyond mesosphere. In 
this region temperature rises gradually 

Troposphere is just above the Earth'i 
surface and extends upto 12 kilometre 

U 


W 


/ " i-umpounas 

the two carbon atoms are 
linked by a double or a triple bond. 


l°*^*^* diseases are caused by 
dnnking polluted water or eating food 
prepared with polluted water. 

Water softening is removal of hard water 
'ons (Mg='%Ca^* }. 

Weak acids and bases are those which 

ionize partfafly in water. 
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Equilibrium constant 9 
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Ether, 68 
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Forward reaction, .3 
Fractional distillation, 167 
Froth flotation, 157 
Fructose, 102 
Functional group, 68 
Glucose, 102 
Ciangue, 156 
Global Warming, 123 
Greenhouse effect. 123 
Halogenadon. 86 
Hard water. 141 
Heat capacity. 1 39 
Homologous series, 66 
Hydrogen bonding, 140 
Hydrocarbons, 84 
Hydrogenation, 8 1 
Industrial effluents. 144 
Irrevereible reactions, 2 
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Normal salts, 40 
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Organic compounds. 56 
Ores, 155 
Oxidation. 90 
Ozone, 129 
pH scale, 32 

Permanent hardness, 141 
Petroleum, 63 
Pollutants, 121 
Polysaccharides, 103 
Primary pollutants. 122 
Proteins, 104 
Reduction, 85 


Refining of copper. 160, 167 
Reverse reaction, 3 
Reversible reactions, 2 
Ribonucleic acid, 109 
Roasting of ore, 158 
Salts, 38 

Saturated hydrocarbons, 82 
Secondary pollutants, 122 
Slag, 158 
Smelting, 158 
Sodium zeolite, 142 
Soft water, 141 
Sotvay’s process, 161 
Stratosphere. 119 
Structural formula, 53 
Temporary hardness, 141 
Thermosphere, 1 1 9 
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Urea. 164 
Vitamins, 109 
Wa.shing soda, 142 
Waterborne diseases, 146 
Water pollution, 144 
Water softening, 141 


www.iqbalkalmati.blogspot.com : ^ 



